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PART A
Physiological studies on germination and soil fungistasis.
Introduction
In 1953 Dobbs and Hinson described a widely occurring 
inhibition of fungal spore germination in soils. This 
phenomenon they called soil fungistasis. It was shown that 
spores of many species of fungi were affected and the effect 
was overcome' by addition to the soil of small amounts of 
glucose. The soil was likened to a sea of inhibition in which 
isolated foci of fungal activity occur as a result of the 
presence of localised nutrient sources#
Since 1953 raany workers have studied this inhibition 
and all have concluded that it is caused by microbiological 
activity in the soil because sterilisation by heat or chemicals 
removes the inhibitory effect and a similar inhibition can be 
achieved by inoculation of sterile soil or sand with small 
quantities of natural soil or cultures of various actinomycetes 
and other bacteria.
Two main hypotheses have been proposed to explain the 
lack of germination in soil. The antibiosis theory follows 
from the original theory of Hinson (1954) who studied the 
various factors involved and concluded that in surface soils 
all requirements for germination were present and therefore 
postulated the presence of inhibitory substances. Lockwood 
(1964) has more recently proposed that failure of germination 
might be accounted for solely in terms of the nutrient status 
of the spores and the surrounding environment. This theory is 
known as the nutrient depletion hypothesis. There is much that
could support both theories in the accumulated work on the 
subject and many results are capable of interpretation in terms 
of either.
Soil fungistasis is of importance as a means of increasing 
survival of fungi in soils since it effectively suppresses 
germination of most spores until adequate sources of nutrient 
for vegetative growth and sporulation are present. Fuller 
understanding of the phenomenon could be of great importance in 
the control of plant diseases caused by soil-borne fungal 
pathogens with spores susceptible to fungistasis.
The work to be described concerns aspects of spore 
germination in Cochliobolus sativus which have relevance to 
soil fungistasis.
Review of Literature
Since the study of soil fungi in situ is difficulty many 
workers have resorted to the use of soil dilution plates when 
attempting to make qualitative or quantitative studies of the 
fungal flora of the soil (Waksman 1922, Brierley, Jewson and 
Brierley, 1927). This technique which is basically a bacterio­
logical one suffers from two major disadvantages when applied 
to fungal work; it is biased in favour of the heavily-sporing 
fungi and does not distinguish between fungi in the mycelial 
state in the soil and those present only as inactive spores.
A technique used by Waksman, which was claimed to distinguish 
between active and inactive fungi, involved plating out crumbs 
of soil onto Czapek's agar and isolating from hyphae growing
out within 24 hours. The most frequently isolated types were 
Trichoderma spp. and members of the Phycomycetes, which do not 
usually predominate in dilution plates (-Waksman, 1916).
In another technique, introduced by Warcup (1950)^crumbs 
of soil are covered by a layer of molten agar in a Petri 
dish. This method is less biased towards the prolifically- 
sporing fungi but does not enable distinction to be made 
between active and inactive fungi in the soil. He later (1955a) 
showed that hyphal fragments tended to adhere to coarse soil 
particles, which are often discarded in the preparation of soil 
dilutions, and that by plating these out, an indication of the 
fungi present as active mycelia could be obtained.
Chesters (1948) and Chesters and Thornton (195&) developed 
soil immersion tubes and plates which could be used to isolate 
mostly those fungi present as active mycelia. The results 
obtained with these methods wrere somewhat similar to those 
from a modification of the Rossi-Cholodny buried-slide technique.
Some studies of the microflora developing on soil surfaces 
have been made but present much difficulty. (Chesters, 1949?
Warcup, 1957)*
Alexander and Jackson (1954, 1955) an(3 Hepple and Burges (195&) 
impregnated soils with synthetic resins and used modified 
geological techniques to obtain thin slices having opically 
plane surfaces. They were thus able to observe the soil 
Microflora in situ. Sections of soil as thin as 2.5 u were 
prepared by Minderman (1956)? by impregnating soil with gelatin 
and then treating it with hydrofluoric acid to dissolve away
silicates.
A different approach was used by Jones and Mollison (1948) 
to make possible observation of fungal mycelium in soils.
Soil suspensions of known dilution were made in dilute water 
agar and films of standard thickness prepared on haeraocytometer 
slides. Estimates of microbial populations could be made by 
microscopical examination of these films. Swaby (1949) found 
that the amount of mycelium detected in soils by this method 
bore no relation to the numbers of colonies produced on 
dilution plates.
Ungerminated but viable conidia of Cochliobolus sativus 
were recovered from field soil by Simmonds, Sallans and 
Ledingham (1950) who showed that they would germinate when 
placed on clean moist filter paper, and Chinn (1953) noted’that 
spores of several plant pathogenic fungi failed to germinate 
when buried in soil on agar-coated slides although addition of 
nutrients to the soil resulted in germ tube production. These 
findings support the views of Garrett (1951) and Dobbs and 
Hinson (1953) that there is a large number of inactive fungal 
propagules in soil which will germinate when brought into contact 
with a suitable artificial medium and that consequently the 
picture of the soil flora built up from techniques such as the 
soil dilution plate may have little similarity with the active 
fungal mycelia present in the soil under investigation. This 
view was also supported by Warcup (1955fe,1957) who reported 
that in soils which he studied, the majority of colonies 
produced on dilution plates originated from spores rather than
mycelial fragments. Dobbs and Hinson (1953) explained the 
presence of this large inactive spore population in terms of 
a widespread inhibition of spore germination in the soil.
The concept of inhibitor production and activity in soil 
is well founded although only rather specific instances of 
inhibition had been investigated prior to the discovery of 
the phenomenon of widespread fungistasis. Grieg-Smith (1911) 
showed the presence of an inhibitory factor, in porcelain- 
filtered extracts of soil, which destroyed colonies of 
Bacillus -prodigiosus but had only limited effects on other 
species. The inability of some; workers to confirm these results 
possibly reflects the high degree of specificity of production 
and action of this toxin. Biological origin of the inhibition 
was suggested by an increase in the level of toxicity following 
amendment of soil with organic material.
In the course of work on the failure of pine seedlings to 
establish in Wareham Heath soils, Nielson-Jones (1941) showed 
that the essential mycorrhizal fungi were incapable of 
development owing to the presence of a diffusible inhibitory 
factor. A similar inhibition although at a much lower level 
was demonstrated in soils from Oxshott. The effect was later 
shown to be caused, partly at least, by gliotoxin produced by 
members of the Penicillium nigricans-.ianczewskii series.
(Brian, Hemming & McGowan, 1945)*
The presence of an inhibition of fungal activity in sub­
surface soils was indicated by Newman and Norman (1943) who 
showed that plant material introduced into this soil decomposed 
much less rapidly than in the surface layers. Decomposition
rates were not increased by the introduction of surface 
microflora into sub-surface soil although inoculation of sterile 
sand with these organisms produced a rapid breakdown of added 
plant material. Alcohol,but not aqueous,extracts of sub­
surface soil were shown to be inhibitory towards many fungi.
An ether soluble factor, inhibitory to growth of Tricothecium 
roseum was demonstrated by Hessayon (1953) in several soils, 
and Stevenson (1955) showed the presence of a thermo-stable 
factor in soil causing germ tube lysis in Cochliobolus sativus. 
The presence of inhibitory factors in extracts of pine-litter 
was demonstrated by Winter (1955)* Lysimeter water also showed 
antibiotic activity in certain cases.
The production of antibiotics in amended soil and in pieces 
of organic material buried in soil was shown by Wright (1955? 
195^)* Paper chromatography was employed to detect gliotoxin 
in unsterile soil amended with clover meal and inoculated with 
T. viride. Frequentin and gladiolic acid were detected in a 
similar way in the coats of seeds:, inoculated with Penicillium 
frequentans and P. gladioli respectively, and sown in unsterile 
soil. Griseofulvin was detected by means of its specific 
swelling effect on the germ-tubes of Botrvtis allii in sterile, 
nutrient amended soil inoculated with P. nigricans.
Scientific attention was directed to the phenomenon of 
widespread fungistasis in soils by Dobbs and Hinson (1953) who 
described work, begun in 1950, showing that fungal development 
was inhibited by contact with soil but that spores would 
germinate in water condensing between pairs of microscope slides
buried in soil. In later work cellophane film in the form of 
squares coated with spores and folded and buried in soil was 
used. They showed that total inhibition of spore germination 
in P. frequentans occurred in soil. Several different fungi 
were all affected by this inhibition • which was present in a 
variety of soils including some sub-soils. Addition of glucose 
to the soil in small amounts masked or overcame the inhibition 
although the fungistasis returned to its original level 3 days 
after addition.
In comparing the Wareham Heath phenomenon with soil 
fungistasis, Jefferys and Hemming (1953) concluded that the 
two effects were not identical. They showed that displaced 
solution from Wareham Heath soils suppressed vegetative growth 
of Botrytis allii but did not inhibit spore germination. From 
results of experiments where agar was pressed into contact with 
soil surfaces and subsequently acquired areas of localised 
activity against B. allii they deduced that discontinuous zones 
of inhibition were present in the soil. This contrasts with 
Dobbfs view of fungistasis as a widespread inhibition with 
isolated areas of fungal activity.
The desire to investigate soil fungistasis has produced a 
variety of assay methods,direct and indirect,which enable the 
degree of fungistasis in soils to be determined. Since direct 
methods necessitate the rather difficult operation of recovering 
spores from soil, most workers have chosen to use indirect 
methods. In indirect methods,the spores, used to assay the 
inhibition are usually separated from the soil by a more or
less permeable barrier. Cellulose in the form of cellophane sheet 
or dialysis tubing, which is first washed or boiled to remove surface 
dressing (Dobbs, 1953) and water agar (Jefferys and Hemming, 1953) 
have been most frequently used but cellulose acetate membrane 
filters, resistant to microbial breakdown, have been more recently 
employed (Dobbs, 1962). The many modifications of the basic tech­
nique are all considered to depend on diffusion of materials 
through the separating medium. Such indirect methods are open 
to the criticism that, since the spores and soil are no longer 
in intimate contact, it is impossible to be certain that the 
inhibition observed is of the same nature as that occurring 
in situ.
Direct methods for recovery of spores from soil surfaces 
have been devised using glass slides (Hessayon, 1953), cellulose 
tape (Old, 1963) aud agar discs to pick up spores after 
incubation on soil. Lingappa and Lockwood (1963) describe a 
direct method involving incubation of spores on the soil 
surface followed by staining in phenolic rose-bengal. Spores 
were then removed by allowing a film of collodion or agar to 
form on the soil surface, which was then peeled of together 
with the attached spores. This method is apparently not biased 
towards recovery of either germinated or ungerminated spores.
Probably more relevant to natural conditions are the methods in 
which spores are recovered from the soil mass. Ledingham 1 ' j
and Chinn (1955) described an oil flotation method for spore 
recovery from soil suspensions and Boosalis (i960) recovered 
spores from the surfaces of broken columns of soil by adherence
to agar discs. Lingappa and Lockwood (1963) compared the 
collodion film technique with the indirect agar disc method 
and showed that although the types of inhibition observed were 
qualitatively similar, the direct method was far more sensitive. 
Lockwood, (1964) pointing out that conidia of Glomerella cingulata 
although completely inhibited on the soil surface or on agar 
discs over soil, were able to germinate fully on cellophane film 
over soil, stressed the need for-further work to correlate the 
various assay methods.
The concept of fungistasis as a generalised and widespread 
inhibition (Dobbs and Hinson, 1953) has been amply substantiated 
in subsequent investigations. Lockwood (1964) reported that 
inhibition due to fungistasis occurred with 116 species from 
all classes of fungi; 27 spp. were assayed by the direct 
method. Some exceptions are known however. Lingappa and 
Lockwood (1963) showed that "activated" ascospores of Neurospora 
tetrasperma were not at all susceptible to fungistasis and 
Ko and Lockwood (1967) demonstrated that uredospores of Puccinia 
coronata and P. graminis were also resistant. These fungi 
however do not form part of the normal soil flora.
Soils from many parts of the world have been shown to 
produce the inhibition and it was reported by Dobbs and Hinson 
(1953) to occur in a wide range of soil types. Jackson (1958b) 
who showed inhibition of Penicillium citrinum in seven different 
soils observed that the level of inhibition was to some extent 
dependent on the soil pH. Payen (1962) recorded different 
levels of inhibition in various soils tested. It appears that
fungistasis is evident in all soils where environmental 
conditions such as pH, moisture content and temperature are 
within the normal range for fungal growth.
All workers have concluded that fungistasis is caused by 
microbial activity in the soil. Sterilisation of soil by heat 
or chemical treatment,or prolonged airdrying were shown to 
remove the inhibitory effect (Dobbs & Hinson, 1953)* Dobbs, 
Hinson and Bywater (i960), demonstrated that an inhibition 
similar to the original fungistasis can be produced in sterile 
sand or soil by inoculation with small amounts of natural soil.
The work of Jackson (1958b) concerning soil pH and Dobbs 
and Bywater (1958) on seasonal variation of fungistasis also 
support the idea of a microbiological origin. A fungistatic 
effect can be induced in sterile soil by inoculation with vari­
ous microbes including bacteria and actinomycetes, and fungi 
(Stevenson, 1956$ Jackson, 1958c$ Lockwood, 19595 Lockwood and 
Lingappa, 1963). Griffin (1962) found that the ability of micro­
organisms to produce a fungistatic effect in soil was not corre­
lated with antibiotic production in vitro. These results were 
supported by Lockwood and Lingappa (1963) who, with Glomerella 
cingulata as the test organism showed that when used alone 
actinomycetes were the most effective, followed by fungi and 
bacteria. Mixtures of different organisms were sometimes more 
effective than cultures of single species, suggesting that a 
wide range of soil micro-organisms may contribute to the total 
fungistatic effect.
The possibility that fungistasis is caused by microbial 
alteration of the oxygen, carbon dioxide or hydrogen ion
concentrations in the soil appears to have been eliminated. 
Brian (i960) pointed out that oxygen was unlikely to be the 
limiting factor since addition of organic material to soil, 
whilst anulling fungistasis,would bring about a reduction in 
oxygen level. It is thought that carbon dioxide,although 
possibly involved in some cases of fungal inhibition 
(Abeygunawardena & Wood, 1957) is,for similar reasons,unlikely 
to be involved in the widespread fungistasis. It was shown by 
Lockwood (1961) that addition of peptone to soil reduced the 
redox potential drastically, without affecting germination 
whilst autoclaving, which hardly affected the redox value, 
completely removed the inhibition. It is generally considered 
that the pH of soil is not an important factor in soil 
fungistasis (Lockwood, 1964).
Although not suggesting that pH is a causal factor in the 
inhibition, Jackson (1958a) found that the level of inhibition 
was correlated with the pH value of the soils which he tested. 
A decrease of inhibition was found with increasing acidity 
and the most acid soil tested (pH 3*0) gave a germination of 
P. citrinum not significantly different from a filter paper 
control. Similar findings were later reported by Schttepp and 
Green (1968) who showed that for some test fungi, at least, 
the soil pH influenced the degree of fungistasis considerably.
Dobbs and his co-workers take the view that fungistasis 
is caused by unstable inhibitors of microbial origin (Dobbs 
& Hinson, 1953, Hinson, 1954, Dobbs & Griffiths, 196?.). They 
proposed that an antimetabolite of glucose might be involved
since addition of this sugar to some soils caused anullment 
of the inhibition. In other soils,however,glucose addition 
had no effect. On the basis of a similar spectrum of inhibition 
in six out of seven soils tested,Jackson (1958b) suggested that 
identical or very similar factors or combinations of factors 
were involved in the inhibition of germination. The exceptional 
soil was an acid raw humus of pH 2.8 which showed a complete 
lack of inhibition towards the 8 test fungi. Persistence of 
the inhibition was reported by Jackson (1958a) In a plot of 
land which had been left fallow for 2 years during which time 
it was subjected to extreme insolation and leaching. Since no 
cropping or fertilization had been performed it was presumed 
that microbial activity would be minimal. The fungistatic 
effect was no lower in this plot than in any other and this 
fact led to the suggestion that the inhibitor(s) must be 
extremely resistant to microbial breakdown and leaching.
Brian (i960) concluded that the occurrence of antibiotics 
in the soil mass, as distinct from their presence in proximity 
to organic material, was unlikely owing to the adsorbtive 
properties of clay particles and the rapidity with which 
antibiotics introduced Into the soil were broken down by 
microbial action but Pinck et al (1961a, b, c, 1962) showed 
that streptomycin adsorbed onto the kaolin fraction of a soil 
remained undegraded for 28 days,during which time, changes in 
the microbial activity showed that it was slowly released. 
Jackson (1965) considered that adsorbed antibiotics might be 
released following a pH change in the soil, produced by local
microbial activity.
Lingappa and Lockwood (1962) proposed that inhibitory 
lignin break down products might be involved in soil fungistasis 
and also in the reduction of some soil-borne plant diseases 
following organic amendment of soil. Later Lockwood (1964) 
doubted whether such compounds were likely to be involved in 
fungistasis since their primary effect was on germ tube 
growth and they did not inhibit spore germination.
Park (i960, 1961) drew a parallel between the behaviour 
of fungi in soil and the .staling observed in fungal cultures.
He suggested that a major limiting factor of fungal spore 
germination and mycelial development in soil could be the 
accumulation of inhibitory metabolites produced by the fungi 
themselves. In culture he observed that the period of active 
growth was followed by a phase of restricted mycelial 
development,leading to spore formation and inhibition of spore 
germination. The last stage involved autolysis of mycelia 
and non resistant spores. These findings led him to propose 
the presence of a single thermostable morphogenetic factor 
which accumulated as the culture aged. Treatment with mild 
heat or dilution with water agar renewed the cycle of 
development. Park failed to induce staling symptons in young 
cultures by the introduction of staled media however.
In order to demonstrate unequivocally that inhibitors 
are involved it must be shown that they can be extracted in an 
active, sterile condition from soils. Workers have generally 
been unsucessful in obtaining sterile soil extracts, in aqueons
form, which will inhibit fungal spore germination, although 
non-sterile extracts possessing fungistatic activity have often 
been made (Park, 1956, Jackson, 1959, Dobbs & Hinson, i960,
Dobbs & Griffiths, 1962). Sterilisation by heat or filtration 
was found in all cases to remove or substantially reduce the 
inhibition. It was generally assumed that this effect was due 
to destruction or adsorption of the fungistatic compound(s), 
but Jackson (1959) showed that treatment of non sterile extracts 
with aureomycin also rendered them non fungistatic. Lockwood 
(1964) supported his view that destruction or removal of the 
micro-organisms is the reason for the loss of activity during 
sterilisation. Some sterile soil extracts have in fact proved 
stimulatory towards spore germination. Lingappa and Lockwood 
(1961) were unable to separate any inhibitory factors from such 
extracts by means of paper chromatography and concluded that 
lack of inhibition was not therefore due to nutrients in the 
extract masking the effect of fungistatic substances.
Inhibitory activity in sterile aqueous soil extracts 
has been demonstrated by Dobbs, Hinson and Bywater (i960).
Theyshowed that under conditions of severely restricted aeration, 
germination of Penicillium frequentans was reduced to 22% by 
a seitz-filtered extract compared with 45% in a distilled 
water control. A germination of 15% was obtained with the same 
extract filtered through six layers of Whatman no. 50 filter 
paper. It Is likely that the reduction of inhibition in the 
seitz-filtered extract is due to adsorption or chemical 
inactivation of the fungistatic substances on the asbestos filter
Dobbs and Carter (1963) obtained fairly consistent 
inhibition in membrane filtered extracts of mineral soils 
under spruce. Extraction and germination tests were carried 
out in an atmosphere of pure nitrogen since the active 
substances were apparently extremely volatile or quickly 
destroyed by contact with air. Extracts placed on agar discs 
gave 66 % germination of spores of Mucor rammanianus compared 
with a conductivity water control of 83 %. Extracts from some 
other soils produced little or no inhibitory effect however so 
that general conclusions cannot be drawn.
Inhibition of germination of Fusarium oxysporum f. cubense 
by sterile soil extracts was earlier claimed by Stover (1958) 
but Lockwood (1964) observed that in the absence of a distilled 
water control, it cannot be concluded that fungistatic 
substances were present. It has been pointed out by Lockwood 
(1964) that the relative lack of sucess in obtaining inhibitory 
extracts does not preclude the possibility that fungistatic 
coinpounds may be present and effective in the micro-environment 
of spores in soil. He postulated an interaction between spores 
and their surrounding microflora where the spore acts as a 
source of nutrients which stimulates microbial activity resulting 
in localised production of inhibitors in the sporosphere. With 
a specific production such as envisaged in this theory the 
amount necessary to inhibit spore germination would probably 
be very low and this could account for failure to detect 
inhibitors in extracts of the soil mass.
That spores in soil do stimulate development and metabolism
of the microbial flora has been demonstrated directly and 
indirectly. Park (1955) reported intense development of 
bacteria including actinomycetes on soil surfaces inoculated 
with spores of several fungi and Lockwood (1964) has occasion­
ally observed a similar phenomenon, although Jackson 
(unpublished) has found no evidence of local stimulation of 
bacterial development around spores buried on Chinn slides. 
Lingappa and Lockwood (1964) showed that supplementing soil 
with large quantities of spores of several plant pathogenic 
fungi resulted in very large increases in the rate of oxygen 
consumption of the soil microflora. Soil dilution plates 
prepared after incubation of soil and spores for about 12 hours 
produced colony numbers three to ten times those on control 
plates. Direct evidence for a nutrient loss from the spores 
was also found; a single washing of uredospores of Puccinia 
rubigo-vera or conidia of Neurosnora sp. extracted about 10 % 
of the spore dry weight. Lingappa and Lockwood proposed a 
causal relationship between this loss of nutrients and the 
stimulation of the microbial activity.
It has been suggested (Lockwood, 1964, Jackson, 19&5) that 
a continous loss of nutrients from the spores in soil over a 
period of time must affect subsequent spore viability.
Lockwood proposed that spores may be in some way permanently 
physiologically changed by the inhibitor(s), becoming functional 
chlamydospores, in which case a continous loss of nutrients need 
not be postulated. As an alternative to this idea Lockwood 
suggested that the inhibition might be purely a result of a
deficiency 01 endogenous or exogenous nutrients, necessary for 
germination, caused by intense microbial competition. In order 
to substantiate the latter theory it would be necessary to 
show either that most fungal spores have an exogenous nutrient 
requirement, or that such a requirement can be induced by loss 
of endogenous reserves. Dobbs and Hinson (1953) showed that 
spores which fail to germinate in soil often do so in distilled 
water. These workers therefore concluded that fungistasis 
was unlikely to be caused by nutritional effects. Cochrane 
(i960) in contrast showed that many fungal spores do have 
an exogenous carbon, nitrogen, vitamin or mineral requirement 
for germination. The contradictory findings on this subject 
are probably explained by the differences in the techniques 
of growing and harvesting the spores, the type of washing, 
if any, to which the spores are subjected and the methods 
of testing germination. It is probable that the physical 
conditions of moisture and aeration are especially important 
in germination tests.
It is difficult to decide whether spores should be washed 
prior to assessment of germination. When spores are harvested 
by flooding the agar plate with water considerable quantities 
of nutrients may be removed from the agar and have been shown 
to contaminate the spores. Krishnan and Damle (1956) showed 
that washings of spores collected by this method contained 
twice as much (dry weight) soluble material as those from 
similar spores collected by suction. Cochrane (i960) and 
Griffin (1964) also reported large quantities of nutrient 
material in water used to harvest spores by flooding. Griffin
showed that spores collected by this technique would germinate 
satisfactorily in distilled water but that after washing they 
failed to do so. The question is complicated by the reports of 
the large amounts of nutrients which have been removed from 
spores during washing (Sisler and Cox, i960, Richardson and 
Thorn, 1962, Lingappa and Lockwood, 1964). If these amounts 
represent a depletion of the endogenous reserves of the spores 
then it would appear likely that spore behaviour in subsequent 
germination tests would be affected. Some types of spores can 
be harvested by dry methods. Washing may thus be avoided, but 
for other spores it is difficult to establish the degree of 
washing which will remove nutrients derived from the medium 
without affecting the endogenous reserves.
Evidence in support of their theory of nutrient depletion 
as the causal factor in fungistasis has been presented by Ko 
and Lockwood (1967). They were able to correlate the ability 
of spores, washed three times in distilled water, to germinate 
in distilled water and in soil, in eighteen out of the twenty- 
two fungi tested. Of the remaining species, Theiaviopsis 
basicola, Neurospora Tetrasperma and Helminthosporium victoriae 
could be inhibited by leaching the spores with distilled water 
for prolonged periods prior to testing. Glomerella cingulata 
was only slightly inhibited by this treatment although 
germination was completely suppressed on soil.
It was shown that aqueous extracts from soil after 
autoclaving contained sufficient nutrients to allow germination 
of the "nutritionally dependent" spores whilst similar extracts
from natural soil did not unless the soil was amended with, 
alfalfa hay. Germination in amended soil was only observed 
very close to the site of addition of the alfalfa. The loss 
of nutrients from glucose casein agar discs but apparently 
not from water agar discs could be related to the ability of 
the latter to support spore germination. Water agar was found 
to be incapable of supporting germination of Aspergillus 
fumigatus or Mucor rammanianus after incubation with soil or 
sterile charcoal, or after washing with water for twelve hours.
Ko and Lockwood could find no evidence of accumulation of 
inhibitory substances in agar discs or filter paper rendered 
fungistatic by soil contact, and could not confirm the findings 
of Dobbs & Gash (1965) who removed the inhibition in such agar 
discs by heat treatment. From these results Ko and Lockwood 
concluded that most fungi have, or can be induced by leaching 
to have,an exogenous nutrient requirement for germination and 
that this accounts for failure of spores to germinate in soil.
It was reported by Weltzien (1963) that zones of inhibition 
in agar previously in contact with soil could be induced to 
migrate under electrophoresis. He proposed that the zones 
were areas containing antibiotics derived from the soil, but 
Ko and Lockwood believe that these results may be explained in 
terms of the electrophoretic migration of nutrient substances 
in the agar.
Weltzienfs interpretation has recently received support 
from Schuepp and Green (1968) who found that agar discs separated 
from soil by cellophane film acquire fungistatic properties.
An incubation of five hours, over soil, rendered discs 
fungistatic to conidia of Trichoderma koningii giving 41 % 
germination compared with a control on water agar of 95 %• 
Fifty-six hours of incubation reduced the subsequent germination 
to 1 %. They confirmed Weltzien’s findings that storage of 
fungistatic discs between soil incubation and assay, leads to a 
considerable reduction in their inhibitory power. They found 
a residual activity, however, which although small was stable 
on further storage. Addition of nutrients to fungistatic discs 
anulled their fungistatic properties, although the degree of 
anullment varied widely with the test fungus, soil contact 
time, soil sample and the particular nutrient used. Schuepp & 
Green also showed that placing fungistatic discs on discs 
incorporating 5 % of various sugars for seventeen hours prior 
to assay resulted in complete anullment whereas a similar time 
on water agar discs gave a 43 % germination. Controls of non- 
fungistatic discs on "sugar11 discs gave complete germination.
From these results, particularly the loss of activity 
from fungistatic discs during storage, Schuepp & Green conclude 
that inhibitory substances must definitely be involved in 
fungistasis although they were unable to extract inhibitors 
after concentration of fungistatic media. Activation of discs 
on soil maintained at 0°C to suppress microbial metabolism 
resulted in a lower level of fungistasis than when the soil 
was at 25°C and soils maintained at 0°C for several hours 
prior to disc activation gave even lower levels of inhibition. 
These findings are interpreted as indicating the presence of
volatile or labile inhibitors in the soil produced by microbial 
metabolism.
Results tending to support the nutrient depletion theory 
have been reported by Adams, Lems and Papavizas (1968) who 
showed that cellulose amendment of soil increased its 
fungistatic activity towards chlamydospores of Fusarium solani 
f. -phaseoli. The increase in fungistasis in amended soil was 
correlated with an increase in the rate of disappearance of 
anthrone-positive material after addition of glucose to the 
soil. This showed that in amended soil utilisation of glucose 
by the microflora is more rapid than in non-araended soil and 
suggested that this may be the reason for the increase in 
fungistasis. Adams et al also showed that the chlamydospores 
of F. solani f. phaseoli could be inhibited by continuous 
leaching with water. Inhibition was less complete when 0.1 M 
Glucose or 0.1 M asparagine were used; germination was 27 % 
and 78 % respectively. Leaching the spores with water for 
18 hours did not prevent subsequent germination in distilled 
water or in autoclaved soil previously leached with water for 
14 days in a Soxhlet apparatus. Germination in this soil was 
however reduced to 6l % compared with 91 % on a membrane filter 
control . Endo-conidia of Thielavionsis basicola showed a 
germination of 8 % in leached soil compared with 3 % in water 
control. The method of harvesting for these spores is not 
reported and it is not stated whether or not they were washed 
prior to assay. The results differ somewhat from those of 
Ko and Lockwood (1967) who used 3 times washed conidia of
T. basicola and obtained 20 % germination in distilled water 
and complete inhibition only during leaching or on natural 
soil. Adams.and Papavizas (1969) later reported considerable 
variation in the germination in soil of different isolates of 
this fungus, however, and this may account for the discrepancy. 
They also found that amending soil with alfalfa hay resulted 
initially in almost complete disappearance of fungistasis, 
followed by a return by 7 days to a level greater than the 
original.
Brian (i960) drew attention to some findings which must 
be accounted for by any theory of the mechanism of fungistasis.
He pointed out that the effect in soil could be anulled in the 
following ways:
1) Heat treatment or prolonged drying.
2) Treatment with organic solvents.
3) Elution with citrate-phosphate buffer but not with water 
hydrochloric acid or phosphate buffer.
4) Addition of nutrients or the presence of rhizosphere products.
5) Addition of activated charcoal.
He concluded that observations 1) to 4) were compatible with 
the need for a exogenous nutrient source since 1) and 2) would 
result in the release of nutrients from killed organisms, the 
citrate in 3) could act as a carbon source and 4) is readily 
explained. The effect of charcoal found by several workers is 
difficult to interpret, particularly since Ko and Lockwood (1967) 
used incubation with charcoal as a means of inducing fungistasis 
in agar discs. Brian observed, on the other hand, that if
inhibitors were involved, 1), 2) and 5) were explicable and 
that 3) and 4) might represent masking or neutralisation of 
the inhibitory effect by the presence of nutrients.
Brian could find no convincing explanation of fungistasis but 
considered the evidence to be slightly in favour of the 
inhibitor theory. Recent work by Vaartaja and Agnihothri (1969) 
clearly demonstrates the inter-reaction of antifungal antibiotics 
such as actidione and aureomycin with nutrients,in vitro and 
also in soil. Inhibitory effects of antibiotics on germination 
ffythium irregulare sporangia were reduced or nullified by 
the addition of nutrient solutions.
From work carried out since i960 by supporters of both 
the antibiosis and nutrient depletion hypotheses it appears 
probable that the ultimate explanation will involve a combination 
of the two effects and in view of this,the work of Vaartaja and 
Agnihothri is of great interest.
Material and Methods
Fungus
A conidial culture of Cochliobolus sativus (Ito & Kurib) 
Drechsl. ex Dastur was obtained from the University of Surrey 
culture collection (Culture Ho 1084).
Soil
The soil used in fungistasis experiments throughout was 
a garden loam of pH 7*5? from the North side of Clapham Common 
(recent gravel-sand deposits overlying clay).
Media
Potato-Glucose Agar:
Infusion from 200 g. potatoes
Glucose 20 g.
Agar (Oxoid No. 3.) 20 g.
Distilled water to 1 litre.
The potatoes were cleaned and cut into cubes of approximately 
1 cm and boiled for 1 hour in 1 litre of water. The pulp was 
then filtered through muslin and squeezed to obtain as much 
liquid as possible. The agar was added and dissolved by 
boiling. After the addition of the glucose the medium was 
sterilised by autoclaving at 120°C for 15 minutes.
Potato-Carrot Agar;
Infusion from [100 g. potatoes} prepared as
I 50 g* carrots J above
Agar (Oxoid No.3») 20 g.
Distilled water to 1 litre
Synthetic Media
A basal medium of the following composition was 
supplemented with vitamins, growth factors and amino acids 
which are listed below. Standard solutions of each vitamin 
were prepared and these were sterilised by membrane filtration 
except where otherwise stated.
Basal Medium
Glucose 10 g.
Asparagine 0.5 g.
k2hpo4 1.0 g.
MgS04 0*5 g*=
K Cl 0.5 g.
FeS04 0.01 g.
Agar (Oxoid Ion Agar) 15 g.
Distilled water to 1 litre.
Vitamins and growth factors used Standard solution g/100 ml)
A^ Axerophthol (an emulsion) 0.1 g.
B1 Thiamine hydrochloride 0.1 g*
b2 Biboflavine 0.03 g*
b5 Calcium pantothenate 0.2 g.
b6 Pyridoxin hydrochloride 0.05 g-
By D-L carnitine hydrochloride 0.02 g.
BC Folic acid 0.02 g.
c Ascorbic acid 0.04 g.
i-Inositol 0.1 g*
p-Amino-benzoic acid 0.1 g.
Adenine 0.05 g.
Ribose-nucleic acid (sodium salt) o • o vn g.
Carotene (a suspension) 0.05 g.
Vitamin-free casein hydrolysate
(Difco) 0.8 and
Peptone (Difco) 0.8 and
Yeast extract (Difco) 0.8 and
Amino acids
One small crystal of each amino acid was used per 5 
of basal medium*
B- Alanine Iso-Leucine
- Alanine Leucine
Arginine Lysine
Asparagine Methionine
Aspartic acid Ornithine
Cysteine Phenyl-alanine
Cystine 
Glutamic acid 
Glutamine 
Glycine
Histidine hydrochloride 
Hy droxy-proline
Carbohydrates
Fructose 
Galactose 
Maltose
Starch hydrolysate 
Sucrose
(0.1 % w/v added to basal medium.) 
Autoclaved at 120°C for 15 minutes.
Glucose-Asnaragine-Yeast extract Agar;
Glucose 10 g.
Asparagine o.5 g*
Yeast extract 1.0 g.
k2h po4 1.0 g.
K Cl o.5 g.
MgS04 0.5 g.
FeS04 0.01 g.
Agar (Oxoid 'Ion-Agar1) 15 g.
Distilled water to l litre
Autoclaved at 120°C for 15 minutes.
Proline
Serine
Threonine
Tryptophane
Tyrosine
Valine
The glucose was autoclaved separately and added aseptically 
before the medium solidified.
Buffer Solution.
Me. Ilvaine's Citrate-Phosphate buffer 0.1 Molar.
0.1 M. Citric acid
0.1 M. Na2HP04
The two component solutions were mixed in appropriate proportions 
to give the desired pH. value. The range of this buffer is 
pH 2.2 to 8.0. (Me. Ilvaine, 1921)
Cellulose film.
Type P.T.300 (British Cellophane Ltd.)
This is an un-coated regenerated cellulose film of 30 u 
thickness.
Before use the cellophane was cut into squares 0.5 c® x 0.5 cm 
and cleaned and sterilised by boiling for 10 minutes in 3 changes 
of distilled water and then autoclaving at 120°C for 10 minutes.
Dialysis tubing
’Visking1 dialysis tube 3/4“ diameter.
Membrane thickness 25 u approx.
The dialysis tubing, stated by the manufacturers to contain 
small amounts of sulphur and glycerol as preservatives, was 
boiled for 10 minutes in each of 6 changes of distilled water, 
soaked overnight and then boiled in fresh water and autoclaved 
at 120°C for 10 minutes.
Filter -paper
Whatman No. 1
All filter paper used in germination tests was washed by 
passing 250 ml of dilute hydrochloric acid, followed by several 
litres of distilled water through a pad of the paper in a 
Buchner funnel. The paper was sterilised by autoclaving at 120°C 
for 10 minutes.
Glass-fibre paper
Whatman type GF/B filter paper.
(See experimental section for details of washing procedure.) 
Stains
Lacto-phenol blue
Phenol 20 g.
Lactic acid 20 g*
Glycerol 40 . g»
Distilled water 20 g.
Cotton blue 0.1 g.
Crystal violet
Ethanol 20 ml
Ammonium oxalate (1% aq.) 80 ml
Crystal violet 2 g.
Chromatography
Paper
Whatman No. 1. and No. 4., size 10,f x 10H*
Solvents
Single-phase solvents having the following compositions were 
employed (After Smith, 1965); 
iso-Propanol : Water.
iso-Propanol 
Distilled water
Butanol : Acetic.
n-Butanol
Acetic acid (glacial)
Distilled water
Detection reagents (After Smith, 1965)
Alkaline silver oxide reagent
(a) Silver nitrate (satd. aq. solution) 0.1 vol.
Acetone 20 or 100 vols.
(b) Sodium hydroxide 0.5 g in 5 Ml* water
diluted to 100 ml with ethanol.
The dry chromatogram was dipped through a trough of reagent (a)
and the acetone evaporated using a hair drier. The paper was
then dipped through reagent (b) and dried again.
Aniline-Dfphenylamine reagent
(a) Aniline 5 
Diphenylamine 5 g* in Acetic acid 100 ml.
(glacial)
(b) Acetone
(c) Phosphoric acid (85%) 20ml in water 100 ml.
Equal volumes of the reagents were mixed in the order shown
160 vols. 
40 vols.
120 vols. 
30 vols. 
50 vols.
and the papers were dipped, allowed to dry and then heated to 
95°C for a few minutes.
Iodonlatinate reagent.
Platinic chloride ( 5 % aq.) 5 nil*
Potassium iodide (10 % aq.) 45 ml.
Distilled water 100 ml.
Concentrated hydrochloric acid 10 ml. per 100 ml. of reagent 
added immediately before use. Chromatograms were dipped and 
placed on clean filter paper.
Bromo-cresol green reagent.
Bromo-cresol green 0.05 % in Ethanol.
Ninhydrin reagent.
Indane-trione-hydrate 0,5 % in n-Butanol.
(B.D.H. Ltd., aerosol spray.)
Radio-Chemicals.
The following radio-active compounds were obtained from the 
Radio-Chemical Centre, Amersham;
a) Uniformly labelled glucose -^C, produced by hydrolysis of
sucrose and purified by paper chromatography and the use of
ion-exchange resins and finally crystallized from methanol:
iso-propanol.
Specific activity; 2.9 mC/mM.
(16.3 uC/mg glucose)
Radio-chemical purity; 99 %•
b) Standardised n-Hexadecane -14C having a certified specific 
activity of 0.781 uC/gm (* 2 %).
Scintillation mixtures.
Modified Bray^ Scintillant. (Bray, i960)
P.P.O. (2,5 - diphenyloxazole) 4 g.
Di-methyl P.O.P.O.P. 0.2 g.
(l,4-bis-2 (4 methyl-5 phenoxazolyl) benzene)
Naphthalene 60 g.
Methanol 100 ml.
Ethylene glycol , 20 ml.
p-Dioxan to 1 litre.
Gel Scintillant (Ott et al. 1959)
As above with the addition of 4 % w/v lfCab-o-SilH silica 
gel (Godfrey Cabot Inc.).
Spore production.
In order to avoid changes in the character of the fungus over 
the period of experimentation, a stock of spores was maintained 
in a freeze-dried state in sealed ampoules which were stored 
in a refrigerator.
Spores were suspended in 20 % w/v dried milk solution and 
freeze-dried in glass ampoules, using an Edwards centrifugal 
freeze drier. At regular intervals (usually monthly) an 
ampoule was opened under sterile conditions and the contents 
suspended ih sterile water and plated onto glucose-asparagine- 
yeast agar. Sub-cultures were taken from the primary plates 
and after growing for one month, spores were harvested and used 
for experimentation. In this way carry-over of nutrients from 
the milk was avoided. Cultures were incubated at 25°C.
Spore harvesting
The technique most widely used for harvesting fungal spores 
from plate cultures is to flood the plates with sterile Water 
and collect the spores in suspension. This method has distinct 
disadvantages when experiments on the physiology of germination 
are to he performed, since, the spores may he contaminated by 
nutrients from the culture medium and other nutrients may be 
washed from the spores. The contaminating nutrients may be 
removed by subsequent washing of the spores but it is probable 
that some endogenous nutrients would also be extracted. There 
is also the probability that any auto-inhibitory compounds 
present in the spores may be, at least partly, leached out.
Thus spores treated in this way may be in a far from natural 
physiological state and the results of experiments in which they 
are used, difficult to interpret. In order to avoid these 
problems, conidia were harvested in the dry state and were not 
normally brought into contact with water prior to the germination 
tests.
The apparatus shown in figure 1. was constructed from 
suitably modified pieces of ’Quickfit* semi-micro glassware.
The detachable collecting tube enabled the harvested spores to 
be handled conveniently. The apparatus was connected to a small 
electric diaphragm pump and a trap, consisting of a flask 
loosely packed with oiled cotton wool, was inserted in the air­
line to avoid spores being carried over into the pump. This 
precaution was of particular importance when carbon-14 labelled 
spores were used. By controlling the rate of air flow through
Pig*1• "Spore harvester.
the apparatus, efficient harvesting of spores, with minimal 
carry-over to the trap, could he obtained.
Initially, poor results were obtained with the harvester
because spores were difficult to detach from the conidiophores..
If the cultures were dehydrated by storing them overnight in a
desiccator containing calcium chloride, much more efficient
harvesting was acheived. It was important that the cultures
did not become too dry, since the conidiophores then became
brittle and were harvested with the spores. The apparatus was
thoroughly de-greased by immersion in chromic acid, in order to
prevent spores adhering to the walls of the collector. The
harvester was rinsed thoroughly in distilled water and sterilised,
o
by autoclaving at 120 C for 10 minutes, before use.
It was necessary to deposit spores onto cellophane squares 
for germination tests but the usual method of suspension in 
sterile water was felt to be undesirable, for reasons stated 
earlier. In order to overcome this problem the apparatus shown 
in figure 2 was designed and this made it possible to coat 
squares evenly with dry spores.
A filter paper, trimmed to oblong shape, was placed in the 
base of the flask and moistened slightly with distilled water. 
Cellophane squares were then placed individually on the filter 
paper with a long glass rod. The rubber bung was then inserted, 
the inlet nozzle and side arm plugged with cotton wool and the 
apparatus autoclaved at 120°C for 15 minutes. After sterilisar 
tion, the base of the flask was cooled in a shallow water bath, 
whilst the sides were insulated with a piece of cloth. In this
Pig. 2. Spore depositor.
way, moisture condensing as the flask cooled was absorbed by 
the filter paper and condensation on the flask wall was 
avoided. When the apparatus was cool the side-arm was connected 
to the diaphragm pump and the inlet nozzle inserted into a tube 
containing spores. The spores were drawn into the flask by 
intermittent operation of the pump and were deposited in an 
even layer on the cellulose squares. Using a 2 litre flask 
and a 3 nim diameter inlet nozzle, a substantially uniform 
deposition could be obtained over an area sufficient to 
accommodate about 40 squares of 0.5 x 0.5 cm. In order to 
compensate for any variation in density over this area, replicate 
squares for each treatment were selected at random.
After deposition of the spores, the filter paper was 
removed by withdrawing it carefully through the neck of the 
flask, using a sterilised wine hook. With experience, the 
density of deposition could be judged fairly accurately and 
was generally kept below 1000 spores/cm^., to avoid mutual 
inhibition of germination. The whole process of harvesting 
and deposition was carried out under aseptic conditions, in 
a glove-box sterilised by overnight exposure to propy.lene 
oxide vapour.
Germination on soil
Fresh, moist soil was passed through a 2 mm mesh sieve 
to remove coarse particles and was compacted into an even 
layer of about 5 ww* depth in a disposable Petri-dish. In 
order to acheive good contact between the soil and the
cellophane squares hearing the spores, the soil was moistened 
with distilled water and allowed to soak for a few minutes 
after which the dish was tilted and excess water drawn off 
with a Pasteurpipette. This proceedure resulted in a very
smooth soil surface and with care, good contact could he
obtained over the whole of the cellophane square. Initially, 
only a single layer of cellophane was used but it was observed
that during the course of an experiment, some squares became
contaminated on their upper surfaces with soil bacteria. In 
order to avoid this, a large square of dialysis membrane was 
placed on the soil surface and the cellophane square was 
placed onto this, taking care to avoid uneven contact and air 
pockets between the two sheets.
Germination on other substrates.
Both sterile filter paper and glass fibre paper were 
employed as artificial substrates for control purposes and to 
ensure comparability with the soil experiments, these were 
moistened with an excess of sterile water and covered with 
dialysis membrane.
Assessment of germination.
In most experiments, each treatment was replicated four 
times and the germination of 200 spores in each replicate was 
recorded by counting random fields under the microscope at a 
magnification of 200 times. Unstained germ tubes proved to be 
difficult to distinguish against the cellulose background and 
the following staining technique was used to facilitate
germination assessment. After the required incubation time, 
the cellophane squares were removed from their substrate, 
placed on pads of filter paper moistened with either lacto- 
phenol blue or crystal violet and allowed to stain for about 
10 minutes. Crystal violet, since it gave more rapid staining 
and better contrast of the germ tubes with the background, was 
normally used. Stained squares were blotted on a pad of filter 
paper and mounted dry between two microscope slides, bound 
together with adhesive tape. Spores were considered to have 
germinated when a visible germ tube had appeared. Ungerminated 
spores did not take up the crystal violet stain. Rapid and 
reliable germination counts could be made by this method.
Artificial leaching of spores.
Two kinds of apparatus were used in order to simulate the 
intense nutrient depletion effect which Lockwood (1964, 1968) 
believes to be the cause of fungistasis in soils.
A dialysis apparatus, similar to that used by Lockwood, 
was designed to create a continuous diffusion gradient away 
from the spores and this was used to study the effect of 
leaching on spore germination and also in later experiments to 
estimate the amount of material removed from the spores by this 
treatment.
Initially, the dialysis tube was not totally enclosed and 
some of the cellulose squares became contaminated during 
incubation. To avoid this problem the apparatus shown in 
figure 3 was constructed. The dialysis tube was attached to
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the glass inlet and outlet tubes, by binding the ends to 
silicone rubber sleeves with strong cotton thread. Gaseous 
exchange with the outside atmosphere was permitted via a cotton 
wool plugged Pasteur pipette, inserted through the rubber bung*
A high humidity was maintained in the apparatus by lining the 
lower half of the desiccator with filter paper, kept moist by 
a shallow layer of water in the base. The entire apparatus 
was autoclaved, before use, at 120°C for 15 minutes. When cool, 
it was transferred to the glove-box, the two halves were 
separated and the top supported by a retort stand and clamp.
The dialysis tube was then filled with distilled water and 
cellophane squares bearing spores were placed on the turgid bag. 
The apparatus was re-assembled and removed from the glove-box 
and freshly distilled water was then passed through the 
dialysis tube via silicone tubing. The flow rate was controlled 
by a tap on the outlet tube, since the dialysis tube then 
remained turgid at all flow rates and good contact was maintained 
with the cellophane squares. The experiment could be interrupted 
at any time and sample squares removed under sterile conditions 
for germination assessment.
In other experiments, spores were leached on a membrane 
filter and although sampling was more difficult than with the 
dialysis apparatus it was thought that leaching would be more 
efficient, since the spores were in direct contact with the 
water.
The apparatus consisted of a stainless steel syringe 
fitting filter holder (Sartorius Ltd.) which was connected to a
reservoir of sterile distilled water via silicone tubing.
A 25 mm* diameter cellulose acetate filter membrane, having a 
pore size of 0.45 u, was mounted in the holder which was then 
autoclaved, together with the connecting tubing, at 120°C for 
10 minutes. The filter was then dismantled in the glove-box, 
a known weight of spores distributed over the membrane and the 
apparatus re-assembled. In order to wet the filter membrane and 
avoid air locks in the apparatus a small volume of sterile water 
was forced through it using a hypodermic syringe. The filter 
inlet was then connected to the silicone tubing and water was 
passed through for the required time. The rate of flow was 
regulated by means of a tap on the outlet tube and the water 
level in the reservoir was maintained at approximately constant 
height. Samples of the spores could be withdrawn from the 
apparatus by inserting the needle of a hypodermic syringe into 
the inlet orifice of the filter holder but this was not felt to 
be a reliable sampling method and germination was normally 
assessed at the conclusion of the experiment only* The 
membrane filter method was less convenient than the dialysis 
technique and was not often used.
Production of Radio-active spores.
To facilitate measurement of the amount of material leached 
from spores under various experimental conditions, spores 
labelled with carbon-14 were produced. Since the nature of the 
material likely to be leached out was not known, it was decided 
to produce spores labelled as uniformly as possible.
Uniformly labelled glucose-^"C. was incorporated into the 
standard glucose-asparagine-yeast agar, giving a final specific 
activity of 200 uC./grm. of glucose. This level of activity 
gave reasonably high counting rates in spore leachates and 
was shown to have no effect on spore germination either on 
control or fungistatic substrates. Cultures were grown for the 
normal 4 weeks and spores were treated in exactly the same way 
as unlabelled material. All manipulations involving labelled 
spores were performed in a glove-box, to avoid the danger of 
inhalation.
Measurement of Kadio-activity.
All assays of radio-activity were made by the internal 
sample, liquid scintillation method which is the most sensitive 
technique available for the measurement of the low energy beta 
emission of carbon-14. The instrument used throughout was a 
‘Tracerlab1 liquid scintillation spectrometer which has three 
independent counting channels. This instrument permits low- 
background counts to be obtained, by the use of dual photo­
multipliers with coincidence circuitry and a refrigerated 
counting chamber.
Aqueous samples were counted by direct solution in a 
liquid scintillant based on that of Bray (i960). The activity 
of spores was assayed after suspension of spore fragments in 
a gel scintillant (Ott et al, 1959) Bray, 1960). Spore 
suspensions in water were subjected to sonication at 20 KHz. 
from an ’M.S.E. 1 60 watt disintegrator for a period of 20 minutes,
a treatment which was shown by microscopic examination, to 
be sufficient to fragment all spores. Aliquots of the 
suspensions were then added to 20 ml. volumes of scintillant 
in counting vials which were then shaken thoroughly to 
distribute the particles.
Assay of carbon-14 in carbon dioxide produced during spore 
incubation, was carried out by the suspension of fine barium 
carbonate particles in gel scintillant. Carbon dioxide was 
absorbed into a saturated solution of sodium hydroxide and 
barium carbonate was precipitated by the addition of an excess 
of a mixture of 1 M. barium chloride and 1 M. ammonium chloride. 
The precipitate was then centrifuged down, re-suspended in 
distilled water to remove remaining alkali, which has an adverse 
effect on liquid scintillants and re-centrifuged. -The washed 
precipitate was then dried at 6o°C and weighed. Aliquots of the 
dry precipitate were then added to vials of gel scintillant and 
the precipitate broken up and distributed throughout the gel by 
brief sonication.
All samples were allowed to equilibrate to the temperature 
of the counting chamber overnight and were then counted for 
several periods, each of 20 minutes. The count rates recorded 
by the three channels were recorded and the mean determined.
To enable conversion of the count rates to absolute 
disintegration rates, the efficiency with which disintegrations 
were detected and registered was determined by the internal 
standard method. After the samples had been counted, a small 
volume (5 ul.) of standardized n-hexadecane-^C was added to
each vial and the samples were counted again. The efficiency 
v/as then determined using the formula given below. (Wang and 
Willis, 1965).
E. - F.C.R. (sample - standard) - N.C.R. (sample only) 
Disintegration rate of standard (d.p.m.) 
where| E* - Efficiency (as a fraction of unity)
H.C.R. - Net count rate, (I.e. count rate recorded minus 
background count rate) in counts per minute, 
d.p.m. - disintegrations per minute.
Special methods.
Special methods are included in the relevant parts of the 
experimental section.
Experimental
Selection of Growth Media
Although it is desirable in studies of this kind to use 
a standardised growth medium for spore production, it proved 
difficult to produce a satisfactory formulation and in many 
experiments spores produced on natural media were used.
Growth and sporulation on potato-glucose agar were
satisfactory but it was shown that repeated sub-culture on 
this medium produced changes in the colony morphology of the 
fungus. The original cultures produced smooth-edged colonies 
with little growth of the mycelium into the agar but after a 
number of subcultures, colonies had a ragged edge and much of 
the mycelium was produced under the surface of the medium.
This growth pattern made spore harvesting difficult, since the
spores tended to adhere to the agar. The spore yield was also
decreased in these sub-cultures. Transfer to the less 
nutritive potato-carrot medium restored the growth pattern, but 
the yield of spores was reduced, compared with the original 
potato-glucose cultures.
A reserve of freeze-dried spores was established to 
overcome the sub-culturing difficulty and a glucose-yeast 
extract-asparagine medium was developed, which gave a good 
growth pattern and prolific sporulation.
Optimal CsH ratio
Media with varying proportions of glucose and asparagine 
were tested and the most satisfactory composition was determined.
The results obtained are summarised in the table below.
% Glucose % Asparagine
Amount
2.0 0.20
2.0 0.10 +++
2.0 0.07 +4*
2.0 0.05 ft
1.0 0.10 ++
1.0 0.050
1.0 0.03 +
1.0 0.25 +
0.5 0.05 f
0.5 0.03 +
o.5 0.02 f
o.5 0.015 ±
0.1 0.01
0.1 0.005 £
Growth, (at 14 days) 
Type
much aerial mycelium 
less aerial mycelium
few aerial hyphae
few aerial hyphae but 
little sporulation and 
poor growth
The observations on growth were recorded at 14 days initially 
but plates were re-examined at 28 days and at this stage the 
medium containing 1 % glucose and 0.05 % asparagine (C:1I ratio 
50:1) was chosen as the optimal for growth pattern and spore 
production. The richer, 2 % glucose media had, by this time, 
produced much aerial mycelium which resulted in the collection 
of mycelial fragments during spore harvesting.
The effect of Vitamins and Growth Factors.
Many vitamins, amino-acids and growth factors were added 
singly and in combination to the glucose-asparagine medium, in 
an attempt to increase the spore yield to a level comparable 
with that on potato-glucose agar, but even a medium containing 
all the synthetic additives resulted in no significant 
improvement. Both peptone and yeast extract, however, produced 
a considerable increase in spore production. A medium 
containing 1 % glucose, 0.05 % asparagine and 0.1 % yeast 
extract resulted in good spore production and a good growth 
pattern with little aerial mycelium. With this medium it was 
possible to avoid the batch to batch variation which occurred 
with potato-glucose agar.
Spore germination and exogenous nutrients.
Cellulose squares coated with spares produced on glucose- 
asparagine agar were incubated for 24 hours at room temperature 
on a) moist soil, b) moist filter paper and
c) a potato-glucose agar plate. The results are summarised 
below.
Treatment % Germination
Soil 4.q 0.9 0.0 3.7
(12.8) (5.44) (0.0)(11.1)
Filter paper 58.4 54*3 30.2 40.7
(49.8) (47.5) (33.3) 09.6)
Nutrient plate 67.4 64.4 63.3 61.3
(55-2)03.4) (52.7) (51.5)
Figures in brackets are the values obtained by the arcsin 
transformation. The standard error (S.E.) for the means of 
transformed values is t 2.8 and the least significant difference
Meaa;
2.4
(7.3)
45.9
(42.5)
64.1
(53.2)
between transformed means (l.s*d.) for P - O.OJ is 9*1.
The results showed a highly significant reduction in 
germination over soil, indicating a strong suppression of 
germination caused by soil fungistasis, and a significant 
increase in germination when external nutrients were supplied*
Effect of glass fibre paper*
The use of glass fibre as a substrate was considered, 
because of its non-organic nature. The results from an 
experiment in which it was used are given below, fViskingf 
dialysis tubing was also included since it was intended to use 
this material in later experiments. The tubing was washed as 
described in the methods section. The spores were grown on 
potato-carrot agar and all treatments were incubated at room 
temperature for 24 hours.
Treatment % Germination Mean.
filter paper 94.6 94.6 94.6
(76.6) (76.6) (76.6)
glass fibre paper 43 .0 31.8 37.4
(40.1) (34.3) (37.3)
filter paper +■ 94.0 94.2 94.1
dialysis tubing (75.8) (76.1) (75-95)
S.E. for transformed means - +_ 3.46
L.s.d. (P = 0.05) = 15.6
It appeared that the germination of spores produced on potato- 
carrot agar was considerably higher than that of glucose- 
asparagine spores but germination was severely reduced by glass 
fibre paper, washed in the same way as the filter paper.
Since both treatments included cellophane it was unlikely 
that the difference was due to the filter paper acting as a 
carbon source but to check this, both filter paper and glass 
fibre paper were moistened with sterile 2 % glucose solution. 
Controls moistened with sterile water were included. Incubation 
was for 12 hours at room temperature.
Treatment % Germination Mean
Filter paper -f- 82.5 70.8 82.8 78.7
2% glucose soln. (65.3) (57.3) (65.5) (62.7)
Filter paper control 52.2 61.7 51.4 55.1
(46.3) (51.8) (55.8) (51.3)
Glass fibre +• 36.9 37-9 33.4 36.1
2 % glucose soln. (37.4) (38.0) (35.3) (36.9)
Glass fibre control 25.6 21.7 22.3 23.2
(30.5) (27.8) (28.2) (28.8)
S.E. transformed means = £ 2.0
L.s.d. (P - 0.05) a 6.6 
Thus, although the addition of glucose increased germination 
on glass fibre paper, the difference between the two substrates 
could not be ascribed to the absence of a carbon source in the 
glass fibre. A preliminary check on the pH. of the two 
substrates indicated that the pH. of both, when moistened, was 
4.8, i.e. the pH. of the distilled water in use. After the 
experiment, however, the pH. was checked again and the moist 
glass fibre gave a reading of approximately 8.0. This rise 
in p H. was confirmed by a simple experiment. Twenty-five 
glass fibre filter discs (5*5 cm diameter) were shredded and 
added to 250 ml of distilled water, pH. 4.8. The mixture
was stirred continuously and the pH. measured with an E.I.L. 
meter. The pH. rose steadily during the experiment and had 
reached a value of 8.6 after 30 minutes. In order to reduce 
the pH., glass fibre paper was washed with dilute hydrochloric 
acid, rinsed with distilled water and dried. Mc.Ilvaine 
citrate-phosphate buffer 0.025 M., pH. 4.8 was then used to 
moisten it and a germination experiment carried out. Unbuffered 
glass fibre was included as a control. The effect of 2 % 
glucose on buffered glass fibre was also determined. The 
results are given below. Incubation was for 12 hours at room 
temperature.
Treatment final t>H. % Germination Me six
Unbuffered 8.6 28.8 32.1 29.6 30.2
glass fibre (32.5) (34.5) (33.0) (33.3)
buffered 6.8 48.6 44.2 43.6 45.5
glass fibre (44.2) (41.7) (41.3) (42.4)
as above + 6.8 71.6 59.7 71.7 67.7
2 % glucose (57.8) (50.6) (57.9) (55-4)
S.E. transformed means = ± '1.5
L.s.d.
oIIPi .05) *2 5*1
Since the proeeedure used in this experiment proved inadequate 
to maintain the pH. at 4.8, more elaborate washing was used in 
the next experiment. The washing schedule for glass fibre and 
filter paper is given below.
Glass Fibre Filter paper
1 wash in conc. H Cl. (1 hour) 1 wash dilute H Cl. (1 hour)
l 4
4 rinses in distilled water 3 rinses in distilled water
1 rinse in dilute H Cl. 1 rinse in dilute H Cl.
i i
1 rinse in buffer. 1 rinse in buffer.
Me* Ilvaine’s buffer, pH* 4*5 and pH* 8*0, was used for both 
substrates and a germination experiment was carried out. An 
unbuffered filter paper control was included. Initial and 
final pH. values were recorded and germination was assessed 
after 12 hours at room temperature.
Treatment 
Filter paper
Initial
pH.
8.0
Final
pH.
7.8 20.5
% germination 
28.6 22.3 26.8
% Mean
25.7 '
(26.9) (32.3) (28.2) (31.2) (29.7)
glass fibre 8.0 8.3 15.9 20.5 19.0 21.2 19.2
(23.5) (26.9) (25.8) (27.4) (25.9)
filter paper 4.5 4 .5 42.0 54.0 50.6 52.6 49 .8
(40.4) (47.3) (45.3) (46.5) (44.9)
glass fibre 4.5 6.7 41.5 46.5 47.4 43.6 44 .8
(40.1) (43.0) (43.5) (41.3) (42.0)
filter paper 4.8 4.8 41.7 45.3 48.1 40.2 43.8
control (42.0) (42.3) (43.9) (39.3) (41.9)
S.E. transformed means =±1.1 
L.s.d. (P = 0.05) e is!
Although glass fibre gave significantly poorer germination than 
filter paper at the same initial pH., the capacity of the buffer 
proved inadequate to maintain the pH. of the glass fibre at 
either value and such a result would therefore be expected.
There was a highly significant reduction in the germination on 
filter paper at pH. 8.0 as compared with pH. 4.5 and it seems 
likely that the inhibitory effect of glass fibre may be 
ascribed to the high pH. which it- produces.
Owing to the difficulty experienced in buffering glass 
fibre and because it was thought undesirable to introduce
possibly nutritive buffer solutions, filter paper was retained 
as the normal substrate. It seemed unlikely that filter paper 
acted as a nutrient source for the spores since prolonged 
washing of the paper with dilute acid and distilled water 
failed to produce any reduction in the subsequent germination 
of spores.
The effect of pH, and the presence of exogenous glucose on 
germination.
Using filter paper as the substrate, an experiment was 
performed to determine the effect of pH. on spore germination and 
also to show the effect of the presence of exogenous glucose. 
Buffer solutions were prepared for the pH. range 3»0 to 9*0 
and to one set 2 % w/v. glucose was added. Replicate pads of 
filter paper were moistened with these solutions and a 
germination experiment carried out. Spores ?/ere incubated at 
room temperature for 12 hours. The results are tabulated below 
and are also presented in the form of a graph.
A. Ho Glucose
Buffer pH. Pinal pH. Mean * Germination %
3.0 3.0 14.4 (22.2)
4.0 4.0 44.2 (41.7)
5.0 5.0 59.0 (50.1)
6.0 6.0 64.6 (53.4)
6.6 6.6 54.7 (47.7)
7.0 6*9 50.5 (45.3)
8.0 7.9 36.3 (37.0)
9.0 8.7 35.3 (35.2)
Unbuffered control 4.6 48.9 (44.4)
B. With Glucose
Buffer pH* Final pH. Mean * Germination %
3 .2 3.2 64.6 (53.5)
4.2 4.3 79.5 (63.3)
5.0 4.9 89.2 (70.9)
6 .0 6.0 94.8 (77.1)
6 .5 6.6 89.5 (71.1)
7 .0 6.9 79.3 (63.1)
8.3 8.0 74.1 (59.4)
Unbuffered control 4.6 78.9 (62.7)
S.E. transformed means = 1.2
L.s.d. (P = 0.0?) = 3.45
^(Mean of 4 replicates)
The optimun pH., both in the presence and absence of glucose, 
was in the region of 5* 5* The stimulatory effect of glucose 
was clearly demonstrated at all pH. values.
The effect of washing spores.
In order to check whether the nutrient depletion theory 
of Lockwood (1964, 1968) was applicable to the spores under 
investigation, experiments involving various washing techniques 
were carried out. The initial experiments involved simple 
washing of milligram amounts of spores in small volumes of 
water.
Expt. 1.
In order to determine whether sugars were lost from spores 
on washing, and if so whether the loss affected their subse­
quent germinability, duplicate lots of 3 nig. of spores
(- I -  • I — -t » I « » » 1
5 6 7 8 9 10
INITIAL pH.
EFFECT OF pH. ON GERMINATION*
a = unbuffered control (glucose), 
b = unbuffered control (no glucose)•
(produced on potato-glucose agar) were suspended in 0.3 ml. 
volumes of distilled water. Onereplicate was shaken continu­
ously throughout the experiment. At various time intervals, 
small samples of spores were removed for germination assessment, 
the remainder were centrifuged down and 25 ul. samples of the 
supernatant were taken for chromatography. The spores were then 
re-suspended. Paper chromatograms were developed with iso­
propanol: water and sugars were detected with alkaline silver 
oxide reagent. A marker spot containing 5 ug of glucose was 
run on the same sheet. The only detectable spots occurred at 
the Eg.100 positions. The results are summarised below.
Time Shaken Density of Eg.100 snot Germination % *
30 mins. * ++ 0.0
- +f 0.0
2^ hours + ++ 0.0
- ++ 0.0
4^ * hours + 7.0
- ++ 8.0
6 hours + 13.0
- ++ 16.0
10 hours + +-f 90.0
- ++ 88.0
Control in distilled water. (10 hours) 87.0
^■(Germination of approx. 100 spores at time of sampling). 
There was no increase in the density of the chromatogram spot 
at Eg.100 after 30 minutes and no reduction in germination 
after 10 hours, compared with the control.
Bxpt. 2.
Since it appeared, from the experiment above, that most 
of the glucose was removed during the first 30 minutes of 
washing, the following procedure was adopted to determine 
v/hether, in fact, material could be detected in separate 
consecutive washings of the same spores.
Spores were harvested from potato-glucose medium and 
5*5 rag were suspended in 0.5 ral. of distilled water and shaken 
for 15 minutes. They were then centrifuged down and the 
supernatant pipetted off and replaced with fresh distilled 
water in which the spores were re-suspended and shaken again. 
This procedure was repeated several times. A small proportion 
of iso-propyl alcohol was added to each of the washings to 
prevent bacterial degradation and the samples were left over­
night in a vacuum desiccator in order to acheive a degree of 
concentration. Fifty /ul. of each washing was then chromato­
graphed, together with a reference standard of 5 of glucose 
in 10 % iso-propyl alcohol.
Duplicate chromatograms were developed with iso-propanol: 
water and one was treated with alkaline silver oxide reagent, 
the other with aniline-diphenylamine.
From the first washing, spots were observed at Rg. 100 on both 
chromatograms and two less dense spots appeared at Hg.'s 54.0 
and 17.2 on the one treated with alkaline silver oxide. These 
subsidiary spots were not detectable with the less sensitive 
aniline-diphenyglamine reagent. The second, third and fourth
washings showed increasingly less dense spots at Bg.100 on the 
paper treated with the former reagent, and no reaction at 
Rg.*s 54.0 or 17.2. No reaction at any position was found, 
with aniline-diphenylamine, for washings 2, 3* and 4.
Thus it was shown that most of the sugar removal from the 
spores occurs in the initial washing period, although trace 
amounts could he detected in subsequent washings.
Bxpt. 3.
Nutrients leached from potato-glucose and potato-carrot 
derived spores were compared and a check was included to show 
that the nutrients detected were not coming from traces of 
media adhering to the spores.
Two mg. of each type of spore were shaken with 0.5 ml. of 
distilled water for 15 minutes and the spores were then centri­
fuged down. Forty/ul. of each supernatant were then spotted 
onto duplicate chromatograms. Two mg. amounts of the medium 
on which the spores had been grown were treated in exactly the 
same way as the spores. After development with iso-propanol : 
water, one paper was treated with alkaline silver oxide and the 
other was sprayed with ninhydrin reagent. Diagrams of the 
resulting chromatograms are shown on page 59*
No reaction was observed on the chromatograms of the two media 
but a glucose spot (Rg.100) was evident from both types of spore, 
the spot produced by the potato-carrot derived spores being the 
less dense. The ninhydrin treated paper showed the presence 
of amino compounds from both types of spore, although the upper 
spot was missing and the lower spot less dense, in the case of 
the fpotato-carrotf spores.
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Thus it was shown that glucose and amino compounds were 
washed from both types of spore and were not derived from traces 
of the media.
Expt. 4.
In order to determine whether repeated washing of spores 
affected their subsequent gerrainability, 9 .5 mg. of potato- 
glucose derived spores and 11.4 mg. offpotato-carrotf spores 
were each suspended in 0.5 ml* of distilled water, shaken for 
1 minute and centrifuged down. The spores were then washed 
for several 10-minute periods with fresh 0.5 ml. volumes of 
distilled water. After each washing and centrifugation, 
duplicate small samples of the spores were removed, transferred 
to moist filter paper and incubated at room temperature for 
24 hours. Germination was then assessed by counting approxima­
tely 100 spores from each sample. Samples of each supernatant 
were spotted onto duplicate chromatograms which were developed 
in iso-propanol water. One was then treated with alkaline 
silver oxide reagent and the other with ninhydrin. These 
results are summarised on page 6l.
This experiment confirmed the finding that most material is 
washed out very rapidly but indicated that small amounts of 
nutrients are removed subsequently. Germination results were 
variable and no significant effect of washing was observed.
♦Potato-glucose1 spores
Washing Spot density and amount applied Mean Germination %
Rg»10Q snot Ninhydrin snot and transformed values
1st. +++ (20 ul) ( 5 ul) 64.9 (53.7)
2nd. (20 ul) ft 68.0 (55-6)
3r<3. ♦ (30 ul) tt 49.8 (44.9)
4 th. (40 ul) II 68.2 (55-7)
5 th. + (50 ul) _+ tt 63.2 (52.7)
6th. * (60 ul) ♦ tt 57-7 (49.5)
Variance ratio not significant 
at P s 0.05
♦Potato-carrot1 spores
Washing Spot density and amount applied Mean*Germination %
Rg.100 snot Ninhydrin spot and transformed values 
1st. +** (40 ul) (5' ul) 86.8 (68.9)
2nd. ** (40 ul) + " 63.5 (52.9)
3rd. 4 (60 ul) * 11 59*8 (50.8)
4th. _+ (80 ul) ± ♦♦ 78.8 (62.6)
Variance ratio not significant 
at P : 0.05 
■^(Mean of 2 replicates).
Since the simple washing techniques had had no effect on 
germination, the dialysis apparatus, described earlier, was 
designed to permit continuous leaching of spores over a long 
period.
Expt. 1.
Spores produced on potato-carrot agar were subjected to 
leaching on the dialysis apparatus for up to 96 hours, during 
which time the flow of leaching water was maintained at 
approximately 3*1 litres / day. At intervals of 24 hours,
4 cellophane squares were removed. Two were used to assess 
the extent to which germination had occurred during dialysis 
and the others were incubated on glass fibre for a further 
24 hours before assessment. As a control, one set of spores 
was incubated for 24 hours on a substrate of dialysis tubing 
over moist glass fibre paper. The results are given below.
Hours dialysis Mean Germination %
during dialysis after 24 hours on glass fibre
24 14.6 54.3
48 20.3 57.2
72 24.2 43.9
96 22.2 46.3
96 24 hours on potato-carrot agar 94*5
Glass fibre control (24 hours) 58.6
#(Mean of 2 replicates.)
There was a considerable inhibition of germination on the 
dialysis apparatus as compared with the control, although 
germination on transfer to glass fibre after dialysis was not
significantly lower than control. Some general observations 
were made at the time of germination assessment and it was 
noticed that after 48 hours dialysis, most of the germ-tubes 
which had been produced were highly vacuolated and at 96 hours 
they were very difficult to stain since most were almost devoid 
of protoplasm.
Expt. 2.
In order to determine whether a flow of water was necessary 
to produce germination inhibition, duplicate pieces of apparatus 
were set up. One of these was simply filled with distilled 
water and, the other was connected to a reservoir providing a 
rate of flow of 4.2 litres / day. Germination of spores 
subjected to both treatments was assessed at 20 hours and also 
after a subsequent 24 hours of incubation on glass fibre. The 
results are summarised below.
Hours dialysis Treatment Hours glass fibre MeaifvGermination %
and transformed values
20 Flow - 1.2 ( 5.5)
20 Static - 17.6 (24.7)
20 Flow 24 38.5 (37.2)
20 Static 24 15.2 (22.9)
20 Flow 24(2% Glucos^79-7 (63.3)
Control (0) - 24 15.5 (24.6)
S.E. transformed means = 4 1.2
L.s.d. (P = 0.0?) = 3 .5
^(Mean of 4 replicates)
Germination on the static dialysis tube was not significantly 
different from the control figure but the ’flow1 system resulted 
in a significant reduction in germination. An interesting 
point which emerged from this experiment was that germination 
on subsequent incubation on glass fibre, was significantly 
better in spores exposed to the flowing dialysis and that their 
germination was also better than that of the control. The low 
overall germination figures were not understood but may have 
been attributable, in part, to the rather greater densities of 
spore deposit than those previously used. The addition of 
glucose to dialysed spores resulted in a germination percentage 
not very different from that usually occurring, suggesting that 
this particular batch of spores may have been of lower germi- 
nability in the absence of nutrients than the normal.
E*Pt. 3.
The previous experiment was repeated, this time with a 
lower rate of flow (2 litres / day)> Comparable results were 
obtained.
Hours dialysis Treatment Hours glass fibre Me an*G e rm in a ti on %
and transformed values.
20 Plow - 6.2 (11.1)
20 Static - 25.5 (30.3)
20 Plow 24 33.3 (35.2)
20 Static 24 22.5 (28.2)
Control 24 21.2 (27.4)
S.E. transformed means = 1.1 
ItS.d. (P = 0.05) = 3^2
*(Mean of 4 replicates).
Expt. 4.
Spores produced on potato-carrot agar were leached at a flow 
rate of 4.2 litres / day for a period of 168 hours. Samples 
were removed at 24 and 168 hours, for germination counts. At 
the same times samples were also transferred to filter paper 
and glass fibre and incubated for a further 24 hours before 
assessment of germination spore. The results are tabulated 
below.
Hours dialysis Hours filter paper Hours glass fibre Mean*Germination
%
and transf. values 
24 - - 10.6 (19.0)
24 24 54.8 (47.8)
24 - 24 30.4 (33.7)
168 - - 20.6 (26.7)
168 - 24 27.5 (31.7)
Control 24 - 6l.4 (51.0)
/*
Control - 24 56*0 (48.5)
S.E. transformed means = 1.2 
L.s.d. (P = 0.05) = 3*2
*(Mean of 4 replicates)
There was a highly significant inhibition of germination on the 
dialysis apparatus compared with the controls. The germination 
of spores transferred to filter paper and glass fibre was also 
lower than that of the controls, in this experiment.
Expt. 5.
This experiment was designed to determine whether or not 
the behaviour of spores during and after dialysis is influenced
tt
tt
by the nutrient status of the medium on which they were produced. 
Two batches of spores were used, one grown on normal potato- 
carrot agar, the other on the same medium supplemented with 
2 % w./v. glucose. These two types are referred to as ^.C.A* 
and ’P.C.A.G.* respectively. Germination was assessed after 
15 and 84 hours of dialysis at a flow rate of 4 litres / day.
At these times, samples were also transferred to filter paper 
with and without glucose and incubated for a further 24 hours, 
after which germination was assessed.
Spore type. Treatment Mean*Germination %
and transformed values 
P.C.A. 15 hours dialysis 13*7 (21.5)
15 hours filter paper (control) 64.7 (53*5)
15 hours filter paper / 2% glucose 89.6 (71*7)
1 15 hours dialysis t 24 hrs. filter paper 74.3 (59*9)
,f 84 hours dialysis 67.3 (55*4)
,r 84 hours dialysis + 24 hrs. filter paper 82.6 (65*3)
H 84 hours dialysis + 24 hrs. filter
paper / 2 % glucose 86 .5 (68.7)
P.C.A.G. 15 hours dialysis 18.3 (25.3)
11 15 hours filter paper (control) 31*8 (34.3)
1 15 hours filter paper / 2% glucose 61.8 (51*8)
,! 15 hours dialysis + 24 hrs.filter paper 29*5 (32*9)
” 84 hours dialysis 26.4 (31*0)
1 84 hours dialysis + 24 hrs. filter paper 32*9 (34.9) .
!l 84 hours dialysis + 24 hrs. filter
paper / 2 % glucose 52.2 (46.4)
S.E. transformed means = 2.3 Ls.d. (Pr0.05) r 6.6
#(Mean of 3 reps.)
Schematic diagram of results*
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After a total of 84 hours dialysis all the germ-tuhes which had 
been produced by both spore types had large vacuoles and most 
were very short. During dialysis germination of P.C.A. spores 
rose from 13*7 %? at 15 hours to 67.3 % at 84 hours but that 
of the P.C.A.G. spores did not increase significantly* After 
84 hours dialysis, transfer of P.C.A. spores to filter paper 
resulted in a germination considerably greater than the 
control but this was not the case with P.C.A.G. spores. 
Germination of dialysed P.C.A. spores, transferred to filter 
paper was not significantly lower than that of those to which 
glucose was added but with similarly treated P.C.A.G. spores, 
the addition of glucose resulted in a significant improvement.
Owing to mishandling during spore deposition, it was 
discovered on completion of the experiment that the two types 
of spores had been deposited at very different densities.
P.C.A. spore deposits were found to be of the order of 100 - 
200 / em^. whilst those of the P.C.A.G. spores were of several 
thousands per square centimetre. The difference in behaviour 
was thought to be caused by this density difference, since 
mutual inhibition of germination would be much greater in very 
dense deposits. It was considered likely that dialysis would 
be less effective in reducing the level of inhibition to a 
sufficiently low level to allow good germination under the 
conditions of nutrient depletion existing on the dialysis 
apparatus. Two factors, therefore, suggested themselves as 
affecting the germinability of spores during dialysis; the 
nutrient depletion effect and the level of inhibitory substances 
in and around the spores.
Expt. 7.
This experiment was carried out to determine the effects 
of density of spore deposit on spore germination during leachir^. 
Spores derived from potato-carrot agar cultures were deposited 
onto two sets of cellophane squares, at fhighf and ^ o w 1 
densities. Two sets of dialysis apparatus were used, having 
flow rates of 1.2 and 0.8 litres/day. Both densities were 
present on each dialysis tube. Germination percentage was 
determined at 15, 70 and 140 hours. After 140 hours samples 
were transferred to filter paper moistened with 2 % glucose 
to determine their viability. Controls were included, for
each density range, using filter paper as substrate and a 
15-hour incubation period. The results are tabulated below 
and are also presented in graphical form.
Flow rate Hours dialysis Mean* snore Mean* Germination %
(l/dav) density and transformed values
(no/cm^)
1.2 6,800 15.8 (19.9
1.2 210 29.3 (32.8
0.8 15 4,250 20.4 (26.8
0.8 15 325 42.8 (40.9
1.2 70 4,250 27.5 (31.6
1.2 70 260 30.2 (33.4
0.8 70 6,500 34.5 (36.0
0.8 70 290 60.1 (50.6
1.2 140 6,700 26.8 (31.2
1.2 140 170 54.8 (47 .8
0.8 140 10,800 30.3 (33-5
0.8 140 200 78.9 (62.7
1.2 140 6,800 82.9 t (64.9
1.2 140 225 97.6 t (79.4
0.8 140 8,600 82.0 t (64.9
0.8 140 240 96.5 t (79-4
Control (filter paper) 5,700 43.5 (33.5
Control (filter paper) 270 70.5 (62.7
S,E. transformed means = 1,5 L.s.d, (P = 0.05) « 4.4
*(Mean of 2 reps.) +(with 2 % glucose)
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A considerable density effect was observed throughout the 
dialysis treatment and also in the controls. The increase in 
germination during dialysis was again much greater in the low 
density deposits, suggesting that the level of inhibition was 
sufficiently low to allow germination at least to begin even 
under conditions of nutrient depletion.
This experiment supported the view that a nutrient-inhibitor 
balance is involved.
A serie of experiments ,was carried out using spores • 
produced on the glucose-yeast extract-asparagine medium.
Bxpt. 1.
The rate of germination of spores on filter paper was 
investigated, in order to determine the minimum period of 
incubation giving a true indication of the total germination 
in the absence of nutrients. Cellophane squares coated with 
spores at a density of 40G - 600 / cm2 were incubated on moist 
filter paper, at room temperature for 56 hours. Samples were 
removed at intervals and germination counts made. The results 
are given in the table below.
Incubation time (hours). Mean^Germination % and
transformed values
1 5-9 (13.9)
2 11.5 (19-7)
4 38.1 (37.8)
8 52.3 (46.3)
12 61.0 (51.4)
24 68.7 (56.0)
56 70.0 (56.8)
S.E. transformed means
L.s.d. (P - 0.05) = 3.2
*(Mean of 4 reps.)
Ho significant increase in germination occurred during the pe­
riod 24 to %  hours.
Expt 2.
The.behaviour of spores during and following dialysis was 
investigated in the following way. Cellophane squares (Spore 
density 500 - 700 / cm2) were incubated for 14 days on a 
dialysis apparatus, at a flow rate of 1 litre / day. After 
13 days treatment, samples were transferred to filter paper 
and incubated for a further 24 hours. As a control, un- 
dialysed spores were incubated on moist filter paper for 
24 hours. The results obtained are tabulated below.
Hours dialysis Hours filter paper Mean^Germination %
and transformed values
24 - 9.2 (17.6)
115 - 10.6 (19.0)
192 - 16.8 (24.2)
312 24 51.5 (4-5.6)
336 - 18.4 (2 5.5)
Control 24 27.3 (31.5)
S.E. transformed means
L.s.d. (P = 0.05) = 2.8
#(Mean of 4 reps.)
There was a steady increase in germination during the dialysis 
treatment, although the final germination was still signifi­
cantly less than the control. Subsequent germination on filter 
paper, after 13 days dialysis was considerably greater than 
control. This latter observation suggested the possibility 
that inhibitory substances were being removed by the dialysis, 
thus allowing a greater germination than control, when the
high nutrient depletion gradient was removed. The generally 
poor germination probably resulted from the use of spore from 
a rather young culture (14 days).
The above experiment was repeated and extended, using 
spores from a 28 day culture and a flow rate of 500 ml / day. 
Germination was assessed at 24, 115, 192 and 216 hours and 
samples were removed at each of these times, except at 2l6 hours, 
and germination assessed after a further 24 hours on filter 
paper. The results are given below.
Hours dialysis Hours filter paper Mean* Germination %
and transformed values
24 - 21.6 (28.8)
24 24 69.7 (56.6)
115 - 41.7 (40.2)
115 24 72.4 (58.1)
192 - 54.2 (46.9)
192 24 69.5 (56.5)
216 - 51.8 (46.0)
Control 24 60.5 (50.9)
S.E. transformed means - 2.0
L.s.d. ( P is 0.05) = 4.1
*(Mean of 4 reps.)
Although the general level of germination was greater in this 
experiment than in the last, the same pattern of results was 
obtained. The stimulatory effect of dialysis on subsequent 
germination on filter paper became apparent after only 24 hours 
treatment and was still evident after 192 hours. Although a 
considerable percentage of spores produced germ-tubes during 
dialysis, most of these were of abnormal appearance. The 
protoplasm was at first restricted to transverse bands and 
after prolonged dialysis the germ-tubes were apparently empty, 
since no staining reaction could be obtained. When ssraples were 
transferred to filter paper following dialysis, the germ-tubes 
appeared healthy after further incubation.
Expt. 4.
It was decided to determine whether incubation over soil 
had a similar stimulatory effect to dialysis on subsequent 
germination on filter paper. Moist soil was covered with 
sterile dialysis membrane and cellulose squares coated with 
spores were incubated on this for 24 and 48 hours. Germination 
was assessed at these times and also after a subsequent 24 hour 
incubation on filter paper. The results are detailed below. 
Hours on soil Hours filter paper Mean* Germination %
and transformed values
24 - 11.2 (19.1)
24 24 67.O (54-.9)
48 - 11.7 (19.6)
48 24 66.1 (54.4)
Control 24 68.3 (55.7)
S.E. transformed means = 3.1 L.s.d. = 12.1 *(Mean of 4 reps.)
Germination was strongly inhibited by the soil and no signifi­
cant increase in germination was found from 24 to 48 hours.
The germination on tansfer to filter paper showed no signifi­
cant difference from the control.
It was considered desirable to compare the behaviour of 
spores during dialysis treatment and during inhibition caused 
by soil. Experiments were carried out using flow rates of 
5 and 10 litres / day and germination of spores treated in 
this way was compared with that of spores incubated over soil 
or soil suspension.
Expt. 1.
In this experiment the treatments used were dialysis at 
a flow rate of 5 litres / day and incubation over a soil 
plate consisting of 35 grams of moist soil wetted with 10 ml. 
of water. Spore germination was assessed after 12, 36, 60,
84 and 108 hours incubation at room temperature. After 
60 hours samples were transferred from each treatment to 
moist filter paper and glucose-yeast-asparagine agar. As a 
control, germination of untreated spores was assessed after 
12 hours of incubation on moist filter paper. The results 
obtained are presented in the graph on page 78.
Both treatments resulted in a highly significant reduc­
tion in germination compared with the control. The: germination 
on the dialysis apparatus was significantly greater throughout 
the experiment than that on the soil plate and transfer of 
treated spores to moist filter paper after 60 hours resulted 
in a significantly better germination of those spores from 
the dialysis treatment. Spores subjected to the two treatments 
showed no significant difference in germination following 
transfer to a nutrient substrate.
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Expt* 2.
A similar experiment was carried out but using a greater 
rate of flow (10 litres/day) and a soil suspension prepared 
with 10 grams of soil in 35 ml of water, contained in a 
dialysis tube, as the two treatments. Samples for germination 
counts were removed after 18, 40, 64 and 88 hours and were 
also transferred to moist filter paper after 18 hours and to 
glucose-yeast-asparagine agar after 64 hours, for a further 
24 hours incubation. All incubation was carried out at room 
temperature. The results obtained are shown in the graph 
on page 80.
Germination during treatment was significantly poorer, 
throughout the experiment, on the dialysis apparatus than on 
the soil suspension. Transfer to moist filter paper after 
18 hours resulted in a subsequent germination which was 
significantly poorer than the control in the case of the 
dialysed spores but significantly greater than the control in 
the spores incubated over the soil suspension. Transfer of 
spores to a nutrient substrate after 60 hours of treatment 
resulted, in both instances, in a subsequent germination not 
significantly different from the nutrient control, showing 
that spore viability was not impaired by either treatment.
The results of these two experiments demonstrated that 
similar inhibitory effects were produced by soil and by 
dialysis at high rates of flow, although the types of inhibi­
tion produced were not necessarily identical.
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The next experiment was carried out to determine whether 
there is a critical phase in the germination process, after 
which exposure to soil fungistasis does not inhibit germination. 
Spores were pre-incubated for 2, 4, 7 and 10 hours on both 
moist filter paper and also glucose-yeast-asparagine plates, 
before transfer to soil for a further 24 hours. Germination 
of samples was assessed after the pre-incubation period and 
also following the soil incubation. All incubation was carried 
out at room temperature. The results are summarised below# 
Pre-incubation Mean Germination % Mean*Germination %
and transf* values after soil incubation
and transf. values
Control - 0.9 ( 5. 2)
2 hr s. filter paper 0.9 ( 4.6) 5.4 (1 3 .2 )
2 hr s. nutrient 8.8 (17 .2 ) 16.3 (2 3 .8 )
4 hr s. filter paper 7.4 ( 15. 6) 16.9 ( 24. 3)
4 hrs# nutrient 2 6 .7 (31. 8) 47 .0 (43 . 3)
7 hrs. filter paper 32.6 (34. 8) 37.4 ( 37. 7 )
7 hrs. nutrient 71.9 ( 57. 6) 77.2 (61. 5)
10 hrs. filter paper 46.8 (43. 2) 49 .0 (44.5)
10 hrs. nutrient 82.8 ( 65. 7) 85-7 ( 67. 9)
S.E. transformed means = ±  1*3
L .s .a . (p = o.o5) ~ 3-6
^(Mean of 4 replicates)
Following transfer to soil, significant increases in the 
percentage of spores-with germ-tubes occurred after pre-incuba- 
tion periods of 2 and 4 hours but not after 7 and 10 hours. 
Notwithstanding these apparent increases in germination on 
transfer to soil, the germ-tubes produced over soil were of 
abnormal appearance, having large vacuoles and the protoplasm 
restricted to narrow bands. It is therefore suggested that 
even though germination, initiated during pre-incubation, can 
proceed when the spores are transferred to soil, a factor, 
possibly that causing fungistasis, results in the production of 
abnormal germ-tubes. For some spores it would appear that the 
period of time after which germ-tube; production is inevitable 
is less than 2 hours from the start of incubation.
Two experiments were carried out to determine the effect 
on soil fungistasis of adding nutrients to the soil.
Expt. 1.
Twenty-five gram amounts of un-dried soil were placed in 
Petri dishes and moistened with 10 ml. volumes of sterile 
glucose or asparagine solutions at concentrations of 0.001 %, 
0.01 %, 0.1 % and 1.0 %. The surface of the wet soil was cove­
red with dialysis membrane and cellophane squares coated with 
spores were then incubated on the membrane for 24 hours after 
which germination was assessed. A second set of soil plates was 
set up and incubated for 12 hours with the added nutrients, 
after which time the dialysis membrane and spores were added.
The spores were then incubated for a further 24 hours and spore
germination was assessed. As controls, germination was also 
determined after 24 hours incubation on a glucose-yeast- 
asparagine plate, on moist filter paper and over soil moistened 
with distilled water. All incubations were carried out at 
ambient temperature. The results are tabulated below.
Treatment Mean^Germination % 
and transformed values
Soil control 
Filter paper control 
Nutrient control
4.4
79.0
92.9
(12.7) (62.9)
(74.7)
0.01 % Asparagine (S) 3.6
0 .1 % Asparagine II 4.4
1.0 % Asparagine ft 7.4
0.001 % Glucose tl
0 .01 % Glucose 11 6.6
0 .1 % Glucose tt 8.3
1.0 % Glucose tl 6 .9
0.001 % Asparagine (12) 3.4
0.01 % Asparagine tt 1.9
0 .1 % Asparagine It
1.0 % Asparagine tt 3.6
0.001 % Glucose tt 5.0
0.01 % Glucose It 4.6
0 .1 or/O Glucose tt 4.6
1.0 <K/o Glucose tt 6.6
(S) z added at same time as spores
(12) — added 12 hrs . previously.
^(Mean of 4 replicates) 
S.E. transformed means 
L.s.d. (P = 0.05)
1.1
3.0
(10.9)
(11.8)
(15.7C
(13.4)
(14.6)
(16.7) 
(15.1)
(10.5) 
( 7.9) 
( 8.8) 
(ll.O)
(12.9)
(12.3)
(12.3) 
(14.7)
Although some individual treatments showed increases in 
germination, compared with the soil control, which were just 
significant at the P = 0.05 level, most showed no significant 
difference from the control figure. It was considered likely 
that higher concentrations of nutrients would therefore he 
needed to cause any appreciable change in the level of fungis­
tasis.
Expt..2.
The experiment above was repeated using 1.0 %, 10.0 % 
and 25.0 % concentrations of the two nutrients. The experiment 
also included a test to determine whether soil fungistasis 
was transmitted across an air space separating soil and spores. 
Soil moistened with distilled water was placed in the base of 
a Petri dish and a moist filter paper was applied to the inside 
of the lid. Cellophane squares bearing spores were then placed 
on the filter paper. The lid was supported by cork spacers so 
that there was a gap of about 1 mm. between the base and lid, 
to allow adequate aeration. The germination of all treatments 
was assessed after 24 hours incubation at room temperature.
The results obtained are shown on page 85*
There was no great effect on the degree of fungistasis in 
any treatmentjonly the 25.0 % Glucose (S) and the 10.0 % Glu­
cose (12) treatments resulted in significantly better germina­
tion than the soil control. No other treatment showed a 
significant deviation from the control figure. In the treatment 
where an air gap was present,germination was significantly better 
than in the soil control but showed a significant decrease in
Treatment Meai^Germination %
and transformed values
Soil control. 4.5 (12 .1 )
Filter paper control. 66.9 ( 54. 9)
1 .0  % Asparagine (S) 8.5 (16 .? )
10.0 % Asparagine tt 4.4 (12 .0 )
25.0 % Asparagine t 4.8 (12 .6 )
1 .0  % Glucose (S) 4.9 (12 .1 )
10.0 % Glucose It 4.5 (12 .1 )
25.0 % Glucose t 9.3 (17 .2 )
1 .0  % Asparagine (12) 5.5 ( 13. 6 )
10.0 % Asparagine t 4.3 (11. 9)
25.0 % Asparagine I 7.5 ( 15. 8)
1 .0  % Glucose (12) 9.1 (17 .0 )
10.0 % Glucose t 11 .1 (18 .1 )
25.0 % Glucose t 5.5 ( 13. 1)
Test with air gap 28.1 (32 .0 )
(S) = added at same time as spores
(12) - added 12 hours previously.
*< Mean of 4 replicates)
S.E. transformed means - 4* 1.8
L.s.d. (P = 0 . 05) =
germination percentage compared with the filter paper control. 
This indicates that the effect of soil fungistasis may he, at 
least partly, transmitted across an air space and suggests the 
presence of volatile inhibitory compounds^.in the soil.
Since a considerable effect of the density of spore 
deposits on germination had been observed, experiments were, 
carried out to determine whether inhibitory compounds could 
be detected in spore washings. It was considered unlikely 
that water availability or gas exchange were limiting germina­
tion, even at high density, owing to the use of a monolayer of 
spores.
Expt. 1.
Thirty milligrams of spores produced on potato-carrot- 
glucose agar were suspended in 40 ml. of sterile distilled 
water and washed on a syringe fitting membrane filter. The 
spores were subjected to a slow continuous stream of sterile 
water5 100 ml. during a 24-hour period. These washings together 
with the initial 40 ml. were then evaporated in a rotary film 
evaporator at 40°C, to a final volume of 20 ml. Aliquots of 
0.5 ml. were streaked onto Whatman No. 4 paper and chromato­
graphed using iso-propanol : water as the solvent. After 
development, one chromatogram was divided into four longitudinal 
strips each of which was divided into nine transverse sections. 
The chromatogram segments were tested for the presence of in­
hibitors using a bio-assay technique. A moist filter paper pad 
was placed in the base of a Petri dish and a segment of the 
chromatogram was moistened with sterile water and applied to the 
inside of the lid. A cellophane square bearing spores was then 
incubated on the chromatogram segment for 24 hours at room 
temperature after which germination was assessed. Moist filter 
paper was used as the control.
In order to detect the presence of any alkaloid material 
duplicate chromatograms were treated with iodoplatinate reagent 
and bromo-cresol green* Ho reactions were obtained with either 
reagent. The results of the bio-assay are shown below.
Chromatogram section. Mean Germination %
and transformed values
1 (origin) 73-9 (59.5)
2 70.8 (57.3)
3 77.7 (61 .9 )
4 79.8 (63.3)
5 81.7 (64. 7)
6 86.2 (68.3)
7 86.8 (68.7)
8 74.3 (59-7)
9 (top) 91.8 (73.2)
Control 82.7 (65.3)
S.E. transformed means s ± 1 .8
L.s.d. (P = 0.05) r 5.4
(Mean of 4 replicates) - ' -
Sections 1, 2 and 8 showed just significant reductions in 
germination compared with control and section 9 showed a 
substantial stimulation of germination suggesting the presence 
of nutrients at this position.
Expt* 2.
Fifty-four milligrams of spores produced on glucose-yeast- 
asparagine agar were shaken for 10 minutes with 100 ml. of 
sterile water in order to remove most of the glucose, which in 
earlier experiments had been shown to be extracted during the 
first few minutes of washing. The spores were then filtered 
off using a membrane filter and washed for a further 5 hours 
by passing 100 ml. of sterile water through the filter. Both 
washings were separately reduced to 4 ml. volumes at 40°C and 
samples v/ere chromatographed with iso-propanol : water as the 
solvent. The amounts applied to the origins v/ere 15 /u 1 of the 
first and 45 yul of the second washing. Following treatment 
with alkaline silver oxide reagent spots were observed at Eg.100 
positions in both cases. The first washing gave a spot of 
equal density to the reference 5 /ug* glucose marker and the 
second, a much less dense spot. Volumes of 0.2 ml. of the 
second washing were then bio-assayed as described in Expt. 1.
A duplicate chromatogram was treated with Ferric chloride /
L
!> ferricyanide reagent as a test for phenotics but no reaction was 
obtained. The results of the bioassay are given on page 90*
Sections 4. 5» 6 and 7 all produced significant reductions 
in germination compared with control, indicating the presence of 
inhibitory compounds. The number of sections containing in­
hibitory material suggested that possibly several compounds 
were involved.
Chromatogram section
4f
Mean Germination %
and transformed values.
1 (origin) 63.9 (53.1)
2 65.5 (54.2)
3 61.9 (51.9)
4 55.3 (48.1)
5 59.3 (50.4)
6 58.1 (49.7)
7 51.6 (45.9)
8 (top) 62.4 (52.2)
Control (filter paper) 63.8 (54.6)
S.E. transformed means = 4  1, 
L.s.d. (P = 0.05) = ii
None of the reductions was very large and considering the 
degree of concentration of the washings and the large amount 
streaked on the papers a low activity is suggested. Alterna­
tively it is possible that the compounds involved are volatile 
and that most of the activity is lost during evaporation and 
chromatography.
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Experiment with - labelled spores.
A series of experiments was performed, using spores 
labelled with the radio-isotope Carbon -14, to compare the 
losses of soluble material from spores during various 
experimental conditions.
Expt. 1
A preliminary experiment was designed to determine whether 
labelling with a radio-isotope resulted in any impairment of 
spore germinability. Labelled spores were produced on glucose- 
yeast-asparagine medium containing 20 uC of uniformly labelled 
glucose 1*C per 10 ml. plate and germination of these spores 
was compared with that of spores produced on the same medium 
but without the labelled glucose. Cellophane squares bearing 
spores at approximately the same densities were incubated for 
13 and 24 hours on both moist filter paper and moist soil and 
also for 48 hours on the latter substrate. Spore germination 
was assessed in the usual way after these periods of incubation. 
The results are tabulated on page 92.
No significant difference in the germination of the two 
spore types was observed on filter paper, or on soil after 
13 hours. After 24 hours on soil a just significant increase 
was shown by the unlabelled spores but after 48 hours the posi­
tion was reversed. Owing to this reversal and to the small 
differences in the actual germination figures, it was concluded 
that the behaviour of labelled and unlabelled spores was 
substantially similar.
Treatment Mean ^ Germination %
and transformed values
13 hours filter paper labelled 26.5 (32.6)
unlabelled 25.5 (30.3)
24- hours filter paper labelled 30.6 (35.6)
unlabelled 29.x (33.8)
13 hours soil labelled 0.3 ( 0.7)
unlabelled 0.3 ( 1.4)
24 hours soil labelled 0.8 ( 2.7)
unlabelled 1.7 ( 7.2)
48 hours soil labelled 1.3 ( 5.6)
unlabelled 0.5 ( 0.7)
S.E. transformed means « ± 1.3 
L.s.d. (P = 0.05) =
^(Mean of 4 replicates)
In this experiment, designed to measure the loss of 
labelled material from spores during leaching, 1.22 mg of 
labelled spores were washed at a flow rate of 15 ml./hr. in 
the membrane filter apparatus (described in the methods section). 
The vessel receiving the eluate was changed at the times shown 
below and each fraction was reduced to a small volume, using 
a rotary evaporator operating at 40°C. Aliquots of the 
concentrated eluates were then assayed for radio-activity as 
described.
The results, shown below, are expressed as the total activity 
in each fraction and as the rate of loss of activity from the 
spores.
Fraction No. Time collected Total activity Rate of loss
....... d.p.m. - • ~d.p.mT7hrT"
1 5 min. 3,398 40,777
2 15 min. 2,369 14,212
3 30 min. 1,129 4,515
4 1 hour 452 904
5 3 hours 745 373
6 5 hours 598 299
7 7 hours 333 167
8 9 hours 187 94
9 11^ -hours 602 241
10 24 hours 253 20
11 48 hours 654 27
12 96 hours 466 10
(Mean of counts of 3 channels)
The rate of loss figures are also presented graphically on 
page 95.
The results confirm the findings of earlier work, where 
it was shown that most of the sugars and amino-compounds 
leached from spores were removed in the first few minutes of 
leaching, since after 15 minutes, over half (5ly.7%) of the 
total activity detected in the eluate had already been removed. 
The much greater sensitivity of this method, however, allowed 
the detection of measurable loss up to the end of the experiment 
after 96 hours. The rise in the rate of loss during the period 
9 - 11^ hours after commencement was thought possibly to be due 
to the germination of some spores, resulting in the easier 
removal of labelled material.
Expt. ,3 ■
A similar experiment was performed this time using 1.10 mg 
of spores and a flow rate of 68 ml./hour. The intervals between 
changing receivers were reduced and duplicate samples of each 
fraction were assayed. The residual activity remaining in the 
spores after leaching was measured and an approximate germina­
tion count was made at the end of the experimental period.
The results are recorded below and are presented in the form 
of a graph on page 97*
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Fraction No. Time collected Total activity
- • d.p.m. ...
Rate of loss 
d.-o.m./hr. •
1 5 min. 6,256 74,470
2 10 min. 1,032 12,379
3 35 min. 1,013 2,430
4 1 hour 20 min. 1,037 1,382
5 2 hours 1,032 1,562
6 3 hours 698 698
7 4 hours 439 439
8 5 hours 282 282
9 6 hours 415 415
10 7 hours 390 390
11 8 hours 212 212
12 9 hours l8l 181
13 10 hours 273 273
14 11 hours 178 178
15 11 hours 45 min. 100 133
16 25 hours 30 min. 1,310 95
17 31 hours 30 min. 521. 87
(Mean of 3 channel counts of 2 samples)
Besidual activity of spores 119.116 d.n.m.
% of total activity eluted ^  11.4 %
The same pattern was again found, 47.5 % of the total
eluted activity having been removed after only 10 minutes
leaching. After 2 hours leaching 67*5 % had been removed. At
14
the end of the experiment 11.4 % of the total C of the spores 
had been eluted, showing the large amount of material which is 
either in soluble form or is converted to soluble form during 
leaching. Two peaks in the loss rate occurred one at 5 - 7 hour
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and another at 9 - 10 hours. A germination count showed that 
over 20 % of the spores had produced germ tubes during this 
treatment. It was therefore considered probable that the peaks 
were caused by germination.
Expt. 4.
This experiment was made in order to compare the loss of 
labelled material from spores during leaching on the dialysis 
system with that from spores exposed to the fungistatic effect 
of asoil suspension. Three sets of dialysis apparatus were set 
up and the following treatments were used.
a) flowing water (flow rate 1.6 1/day.)
b) Static water
c) soil suspension.
The soil suspension was obtained by grinding a few grams of 
soil with distilled water, allowing the large particles to 
settle and decanting off the supernatantwhich was used to fill 
the dialysis tube.
Ten cellophane squares bearing labelled spores v/ere placed 
on each dialysis tube and 4 on each of the control substrates, 
soil and moist filter paper. For this experiment the desicca­
tors were sealed with vaseline and carbon-dioxide produced was 
absorbed by a concentrated aqueous solution of sodium hydroxide. 
Germination of spores from all treatments was assessed after 
24 hours. The radio-activity removed by the treatments was then 
measured. The eluaie from the flowing water system was 
concentrated using the rotary evaporator, as were the contents
of the static water dialysis tube. The activity of these 
concentrates, residual activity in the spores and activity 
absorbed by the caustic soda were measured as described in the 
methods section. The soil suspension was carefully washed 
from the dialysis tube and the washings we re centrifuged. The 
supernatant was then poured off, concentrated and its activity 
measured. The precipitate was suspended in gel scintillant and 
its activity determined.
For each treatment, the amount of activity removed as water 
soluble material and the amount trapped by the sodium hydroxide 
were expressed as percentages of the total recovered activity 
(including residual activity in the spores). The results are 
tabulated below.
Treatment Activity recovered (% total) _ Me ari*G e rm in a ti on % 
water soluble solids carbon dioxide
Flowing water 4.8 5.2 10.4
Static water 5-5 9 .4 32.5
Soil suspension 2.7 4 .5 5*5
Filter paper 
control - - 41.6
Soil control 1.4
^(Mean of 4 replicates)
Thus it was demonstrated that the loss of water soluble material 
from spores exposed to soil fungistasis was considerably less 
than that from spores exposed to dialysis by flowing water, al­
though the degree of inhibition of spore germination was greater 
in the soil treatment. The amounts of activity found in the
sodium hydroxide increased with germination percentage, indi­
cating the higher activity of respiration in treatments with 
better germination.
The present study showed that germination of conidia of 
the strain of Cochliobolus sativus used (No. 1084) is very 
strongly inhibited on cellophane over natural soil. For , 
example, in one experiment only 2.5 % of the spores germinated 
during 108 hours under these conditions. The spores are there­
fore comparatively sensitive to soil fungistasis. Their germi­
nation on soil appears to fall between that of the spores of the 
two strains of C. sativus tested by ICo and Lockwood (1967) which 
germinated to the extent of 25 % and 1 %. However, the incuba­
tion period was not stated. Ko and Lockwood used a direct assay 
method (Lingappa and Lockwood, 19&3) in which spores are incuba­
ted directly on the soil surface. Dobbs and Bywater (1957) poin* 
ted out that the fopen film method, used in the present work is 
less sensitive than the ‘closed film1 technique which probably 
approximates more to the natural situation. It is therefore 
possible that in such a test,or in direct contact with soil, 
inhibition would be more complete. Using the direct method, Ko 
and Lockwood obtained germination on soil that varied from 9^ % 
for the ascospores of Neurospora tetrasperma. to 0 % for 
washed conidia of Glomerella cingulata and several other fungi.
Germination of untreated conidia in the absence of 
exogenous nutrients was generally between 30 and 70 % in the 
present work and in all experiments germination was enhanced 
by an external source of nutrients. The behaviour of these 
spores appears to differ from that of either of the strains of 
C. sativus examined by Ko and Lockwood (1967)* These workers
showed that one strain (No. 58), which had a germination of 
25 % on soil, germinated well (49 %) in distilled water; the 
other which was strongly inhibited by soil germinated to the 
extent of only 8 % in the absence of nutrients. There appears 
to be a greater similarity between the spores used in the 
present study and those of the Helminthosporium victoriae 
strain studied by Ko and Lockwood. Spores of this fungus 
did not germinate on soil but a germination of 50 % occurred 
in distilled water.
It is difficult to make a direct comparison between the 
results of Ko and Lockwood and those of the present work since 
the spores used in the latter were not wetted or washed before 
use. Ko and Lockwood, on the other hand, harvested spores by 
flooding cultures and then washed them in 3 changes of water.
It is known that considerable quantities of nutrients can be 
removed from spores by such treatment. (Lingappa and Lockwood, 
1963; Ko and Lockwood, 1967).
The pH. optimum for germination of spores of strain 1084 
was found to be between 5*5 and 6.0. Throughout a pH. range 
of 3*2 to 8.3 germination was significantly improved by the 
addition of 2 .0 % w/v glucose solution to the substrate. 
Germination was inhibited by glass-fibre paper, the use of 
which in one experiment, resulted in a germination of only 
19.2 % compared with the cbntrol germination of 43.8 %. This 
inhibitory effect was shown to be caused by the high pH. of 
moist glass-fibre even after acid-washing. The use of filter 
paper buffered at a high pH. resulted in a similar degree of 
inhibition.
It was found that simple washing techniques removed sugars 
and amino-compounds from spores hut did not significantly 
affect their ability to germinate without external nutrients. 
When spores were washed repeatedly it was found that most of 
the nutrient material was extracted during the first washing 
although, by the use of sensitive reagents, some glucose and 
ninhydrin-positive material could be detected in subsequent 
washings. Since spore germinability in the absence of exoge­
nous nutrients was not impaired by repeated washing it would 
appear that the spores contain substantial reserves of food 
material, probably in an insoluble form, not readily removed 
by washing. Spores produced on potato-carrot agar lost a 
smaller amount of nutrients during simple washing than did 
those produced on potato-glucose agar.
Lloyd and Lockwood (1963) found that 10 % of the dry 
weight of uredospores of Puccinia rubigo-vera was extracted 
during a single 15-minute washing. This compares with a loss 
of 11.4 % of the total *^C of the labelled spores used in the 
present study, during a period of 32 hours leaching. However, 
almost half of the amount removed during this period was eluted 
during the first 10 minutes. The amount of carbon -14 eluted 
must represent a large proportion of the actual cell carbon -14, 
since the walls and septa of the conidia are very thick, as can 
be seen from the . electron-micrographs in the second part of 
this thesis. Owens, Novotny and Michels (1958) found that 
'27*2 % of the total dry weight of conidia of Neurospora sitophila 
was accounted for by the spore walls. It therefore seems likely
that in the spores studied here, the proportion may well he 
50 % or more*
Spores on the dialysis apparatus germinated poorly when 
high rates of flow were used. Incubation of spores on dialysis 
tubes containing static water resulted in a germination not 
differing significantly from that on the filter paper control. 
The rate of flow of water through the dialysis apparatus is of 
great importance, since at low flow rates the effect appears 
to be one of delaying germination in some spores, rather than 
preventing it. For example, in one experiment using a low 
flow rate (0.8 1/day), germination rose from 49.8 % at 15 hours 
to 78.9 % after 140 hours. In another experiment, at a flow 
rate of 10 1/day, no significant increase occurred from 18 to 
88 hours and the final germination was only 4.7 %. On moist 
filter paper there was no significant increase in germination 
from 24 to 56 hours.
It is perhaps surprising that no inhibition of gemination 
occurred on the static water system in view of the large ratio 
of water % spore mass. Presumably, although nutrients are lost 
in such a system, the rate of loss is not great enough to 
prevent germination. Ko and Lockwood (1967) concluded that 
with some spores, which are still nutritionally independent 
after simple washing, a continuous nutrient depletion gradient 
is necessary for the inhibition of germination. They found 
that germination of conidia of Helminthosporium victoriae was 
not inhibited by washing three times in distilled water but 
was suppressed during continuous leaching at flow rates of
10 to 30 ml./hr. (0.24 to 0.72 1/day), on a millipore filter. 
Conidia of both C. sativus. in the present work and H. victoriae. 
in the work of Ko and Lockwood were found to be capable of good 
germination in the absence of nutrients even after prolonged 
dialysis or leaching.
The dialysis apparatus appears to be an effective method 
or removing nutrients from spores, although in terms of the 
necessary flow rates it is not as efficient as the millipore 
filter system. In experiments using similar rates of flow 
(approx. 1.6 1/day) the amounts of 14C extracted from two lots 
of spores were 4.8 % and 11.0 % during periods of 24 and 2^ hours 
respectively. A lower efficiency is to be expected in the case 
of the dialysis system since the spores are not in direct contact 
with moving water. Owing to friction at the walls of the dialy­
sis tube, a fast flow rate may be necessary in order to ensure 
that the water in contact with the wall is moving at a rate 
sufficient to maintain a steep diffusion gradient away from the 
spores. Although a continuous flow is needed in order to cause 
inhibition a continuous supply of fresh water may not be 
necessary. Lloyd and Lockwood (1966) found that continuous 
recirculation of a 3 litre volume of water through a dialysis 
tube was sufficient to induce lysis in fungal hyphae.
It was observed, in the present study, that the germ-tubes 
which were produced during dialysis were very short and of 
abnormal appearance. Germ-tubes produced by spores incubated 
on filter paper could be densely and evenly stained with 
crystal violet but those produced during dialysis were extremely
difficult to stain since the protoplasm was restricted to 
narrow hands or, in extreme cases, absent. These effects are 
similar to those described by Lloyd and Lockwood, who regarded 
them as signs of partial autolysis. It is possible that the 
abnormal appearance of germ-tubes found in the present work, 
indicates the beginning of an autolytic process although after 
subsequent incubation on filter paper or a nutrient substrate, 
the germ tubes of dialysed conidia appeared quite normal.
Ko and Lockwood (19&7) suggested that exposure to a 
steep nutrient gradient may result in a change in the permea­
bility of the spore ce11-membrane, so preventing further losses 
and enabling the spores to remain substantially independent of 
nutrients. The results reported here, concerning the loss of 
•^C labelled material from spores during leaching on millipore 
filters could be interpreted as supporting this hypothesis, 
since the very high initial rate of loss was rapidly reduced 
after a few minutes of leaching. In one experiment it was 
found that over half (51 *7 %) of the total eluted during 
96 hours of leaching, was present in the fractions collected 
during the first 15 minutes. Small, but measurable losses were, 
however, detected up to the conclusion of the experiment. It is 
possible that the rapid initial loss is due to the removal of 
soluble nutrients resulting in a drastic reduction in the 
diffusion gradient. The continuing loss at a musch lower rate 
may represent a slow conversion of insoluble reserves into 
soluble material which is then eluted. It is not known whether, 
after very prolonged leaching, for weeks or months, such as may
be encountered in soil, the spores would become dependent for 
germination on an external nutrient source.
Spores which had been subjected to dialysis treatment 
germinated significantly better than control spores, following 
transfer to filter paper. This finding suggested the presence 
of auto-inhibitory compounds within the spores which could be 
removed by dialysis. There is much evidence for the presence 
of such substances in the spores of other fungi. Shepherd 
and Mandryk (1962) showed that inhibitory compounds v/ere 
extracted from conidia of Perenospora tabacina by simple washing 
techniques which resulted in much improved germination of the 
spores at high densities. Lingappa and Lingappa (1964, 1966) 
demonstrated the presence of auto-inhibitory compounds in 
extracts from conidia of Glomerella cingulata and showed that 
they were of alkaloid nature. Yarwood (1956) described self­
inhibition in the spores of rust fungi and Forsyth (1955) 
presented evidence for the involvement of trimethylethylene in 
this type of inhibition. Bio-assay of chromatograms prepared 
from concentrated spore washings, in the present work, showed 
the presence of inhibitory zones but no reaction was obtained 
with reagents used to detect either alkaloid or phenolic 
compounds. The inhibitory activity of the zones was rather low, 
for example 51*6 % germination compared with the control of 
63,8 % in one experiment. It is possible either that prolonged 
extraction, such as would occur on the dialysis apparatus, is 
necessary for efficient removal of the inhibitor(s), or that 
they are of a volatile or labile nature. The limited amounts
which could he applied to the chromatograms may also have 
rendered the technique father insensitive.
Differences were observed in behaviour during dialysis, 
of spores in ‘lowland 'high1 density deposits. For example, 
in one experiment, a germination of 78 .9 % was attained by 
spores at 'low* density during 140 hours at the low flow rate 
of 0 .8 l./day, whilst those in 'high* density deposits reached 
only 30.3 % under the same conditions. These results suggested 
that under such circumstances two factors determine the degree 
of germination; the level of inhibitory activity in and around 
the spores and the nutrient depletion effect. It appears that 
in 'low' density deposits the inhibitor is at, or is reduced 
by dialysis to a sufficiently low level to allow a proportion 
of the spores to germinate even under starvation conditions.
Similar inhibitory effects could be acheived by dialysis 
and exposure to soil fungistasis although a very high rate of 
flow was necessary to acheive a degree of inhibition comparable 
with that produced by undiluted soil. The effect of dialysis 
at lower rates of flow was similar to that of a soil suspension. 
In one series of experiments, exposure to undiluted soil resulted 
in a germination of 1.6 % after 84 hours whilst a soil suspension 
gave a germination of 15*0 % during 88 hours exposure. Dialysis 
at flow rates of 5 and 10.- l./day resulted in germinations of 
13*6 % at 84 hours and 4.7 % at 88 hours respectively. Although 
a high degree of inhibition could be acheived by dialysis there 
is no direct evidence that the mechanisms of inhibition are the 
same in soil and on the artificial system.
It was found that the addition of glucose or asparagine 
to natural soil had little effect on fungistasis, even when 
25 % solutions were applied. This finding is in agreement 
with that of Dobbs and Bywater (1957) who reported that the 
degree of inhibition, in some soils, was not affected by the 
application of 5 or 10 % glucose solutions. These results 
tend to detract from a theory based entirely on a nutrient 
depletion effect, unless it is assumed that some other nutrient 
is the limiting factor.
Some evidence is presented, in the present work, for the 
existence of volatile inhibitory factors in soil, since spore 
germination was reduced to 2 8 .1 % compared with 66 .9 % when 
spores were separated from soil by an airspace and adequate 
aeration was allowed. Park (i960, 1961) has suggested that a 
major factor limiting fungal development in soils may be the 
accumulation of toxic metabolites and Bobinson and Park (1966) 
suggested similarity between soil fungistasis and the effects 
of volatile inhibitors produced by fungal cultures. Balis and 
Kouyeas (1968) found that the inhibition of spores seeded on 
the surface of fungistatic soil was overcome by exposing the 
soil to solutions of silver nitrate or mercuric perchlorate 
in closed containers. They suggested, on the basis of this 
evidence that unsaturated hydrocarbons or their derivatives 
may be involved in soil fungistasis. Silver nitrate and 
menuric perchlorate are known to form complexes with such 
compounds and Forsyth (1955) considered the anullment of self­
inhibition of germination of Pucciniauredospores by silver
nitrate as an indication of the involvement of an unsaturated 
hydrocarbon.
14It was found in the present work that less C labelled 
material was lost from spores incubated on a dialysis tube 
containing soil suspension than from spores dialysed with 
flowing water, although the inhibition of germination was 
greater in the former treatment. Thus, although it has been 
shown that a strong nutrient depletion gradient does inhibit 
spore germination, it cannot be concluded that this is the 
sole mechanism involved in soil fungistasis.
There are several examples in the literature of the 
interaction of nutrient status and inhibitory compounds.
Ringel and Beneke (1957) found that the fungal growth inhibitor 
1 - hydroxy - 2(1H) pyridinethione was more active in the ab­
sence of glucose, although the presence of some other sugars 
enhanced its activity. Robinson and Park (1966) found that 
the effect of sporostatic compounds, produced by mycelium 
filtered from a liquid culture of Rhizopus stolonifer, could 
be nullified by the addition of nutrients, if the culture was 
not more than 2 days old. Vaartaja and Agnihotri (1968) de­
monstrated that the activity of several germination inhibitors 
was enhanced in the absence of nutrients. It was found by 
Lloyd and Lockwood (1966), that although lysis of fungal hyphae 
could be brought about either by exposure to a nutrient deple­
tion gradient or the application of antibiotics, lysis was much 
more complete when the two treatments were combined.
Robinson, Park and Garrett (1968) found that the sporostatic 
effect of acetaldehyde on the sporangiospores of Hhizopus 
stolonifer was considerably reduced by increasing the concen­
tration of glucose in the assay system from 0 .5 % to 5*0 %•
From the results obtained in the present work it appears 
likely that at least in the particular soil studied, fungista­
sis is produced by the combination of a nutrient depletion 
gradient and the presence of inhibitory factors one, or more, 
of which is volatile.
PART B
Light and electron microscope studies on conidia.
Introduction
Little work has been published concerning ultrastruetural 
changes during fungal spore germination and the fine structure 
of conidia of Cochliobolus sativus has not been studied. The 
object of the present work v/as to investigate their structure 
and to study changes in the cell components during germination 
and when spores were inhibited by soil fungistasis.
Review of Literature
A review of the electron microscopy of germinating fungal 
spores was made by Hawker (1965) and a general review of fungal 
ultrastructure by Bracker (1967).
Fungal spores, particularly those with thick walls, are 
notoriously difficult to fix and embed satisfactorily (Campbell, 
1968, Lowry and Sussmann, 1968) but several species have been 
sucessfully studied at the electron microscope level.
Morphological changes during germination of sporangiospores 
of Rhizopus stolonifer and R. sexualis were investigated by 
Hawker and Abbott (1963). The mature ungerminated spores of 
both species have a single wall, the outer region of which is 
electron dense and raised into characteristic ridges. During 
incubation a new wall, from which the germ tube is derived, is 
laid down inside the original wall. The outer wall is then 
ruptured by the growth of the germ tube. The contents of the 
spore apparently flow into the germ tube and the cell organelles 
are elongated in the direction of flow. The mitochondria which
in the mature spore are large lobed structures with complex 
cristae, divide on germination becoming small, regular and 
more numerous. Ekundayo (1966) showed that the spore structure 
and germination process in R. arrhizus are essentially the same 
as in the species studied by Hawker and Abbott. He further 
showed that incubation under anaerobic conditions or in the 
presence of azide inhibited mitochondrial division in 
germinating spores. Buckley Sommer and Matsumoto (1968) using 
aldehyde in addition to the permanganate fixation methods of 
previous workers demonstrated the presence of ribosomes, 
apparently un-attached to membranes, in spores of R. stolonifer 
H. arrhizus. Cytosomes, corresponding in morphology, heavy 
metal affinity and resistance to low temperature damage with 
plant spherosomes, were also detected for the first time. The 
mitroehondria of the germinating spores appeared more elaborate 
than those found by earlier workers.
Another species which has been quite thoroughly investigated 
is Botrvtis cinerea. Hawker and Hendy (1963) showed the presence 
of two distinct layers in the spore wall, the outer thin and 
electron dense and the inner thicker and electron lucid. The 
germ tube wall is derived from the inner layer and the outer 
wall is ruptured. A dense mucilagenous deposit is formed at 
the point of breakage and a thin sheath of this material extends 
around the entine germ tube. In contrast with Rhizopus,
Botrvtis forms a transverse wall at the base of the germ tube 
early in the germination process. This septum was found to 
have a centrally placed simple pore which allows passage of
nuclei and other organelles. In this species the mitrochondria 
even of the dormant spore are small and regular in outline.
Dense membrane bounded storage bodies were demonstrated in 
conidia of B. cinerca by Buckley Sjaholm and Sommer (1966). 
Various membranous inclusions occur inside these bodies v/hich 
are considered to act as a source of raw material for the 
production of membranes during germination. Extensive 
vacuolation was found in germinating spores and was thought to 
be caused by the utilisation of food reserves, although Hawker 
and Hendy earlier attributed this phenomenon to the flow of 
cytoplasm into the germ tube.
Uredospores of Puccinia graminis were shown by Williams 
and Ledingham (1964) to possess a three-layered wall the outer 
again being thin and electron dense. The middle region is 
electron transparent and thickened at the equator of the spore 
where the germ-pore is produced. The thick inner layer is 
composed of electron dense microfibrils. The outer wall of the 
germ tube has continuity with the outer spore coat and is also 
electron dense. The inner layer of the tube wall is apparently 
derived from the thick middle layer of the spore wall and was 
found to have a thin electron dense region adjacent to the 
protoplast. The plasmalemma was visible only in the germ tube, 
its position in the spore being occupied by poorly defined 
vacuoles. These v/ere thought to be produced by disruption of 
the membrane caused by changes in the nature of the cell wall 
during fixation. The endoplasmic reticulum is in the form of 
vesicular and membranous elements and these are more prolific
in germinating than in dormant spores. The mitochondria were 
found to elongate and become thinner during germination and 
the cristae which are randomly disposed in the mitochondria 
of dormant spores became orientated into groups of parallel 
plates. These changes were considered to be consistant with 
the increased metabolic rate during spore germination.
Hawker (1965) demonstrated that the two original spore 
coats of Cunninghame11a elegans conidia are ruptured by the 
extension of a newly formed inner wall to form a germ tube, 
but preliminary observations on conidia of Byssochlamys fulva 
and Penicillium frequentans by the same author indicated that 
in both of these species the germ tube wall is formed from 
the inner of the two original wails.
The writer is aware of no previous work on the germination 
process in Cochliobolus spp. but the ultrastructure of dormant 
conidia of C. miyabeanus was described by Matsui, Nozu,
Kikumoto and Matsuura (1962a, b). The plasma membrane is visible 
around the protoplast and the granular nuclear matrix is bounded 
by a typical double membrane. Some less dense regions were 
observed in the nucleus, close to the membrane. The 
mitochondria appeared as circular or elliptical profiles v/ith 
external limiting membranes and internal cristae. Endoplasmic 
reticulum vesicles and membranes were often found close to 
nuclei, mitochondria and the plasma membrane. Dense round 
bodies v/ith vacuole-like spaces v/ere considered to be lipid 
inclusions. In normal conidia Matsui et al found difficulty 
in obtaining adequate contrast following permanganate fixation
but after immersing spores in the fungicide mercuric chloride 
. high contrast was found presumably due to the attachment of 
mercury ions to the cell membranes. Three distinct wall layers 
were found: the outermost is a thin layer composed of a network 
of electron-dense material with electron transparent pores.
The two inner layers are not electron dense and generally 
have little structure although occasionally fibrous networks 
were observed. These two layers are separated by a diffuse 
band of electron-dense material. Transverse septa apparently 
consist of invaginations of the inner spore wall, leaving a 
central pore through which adjacent cells are in cytoplasmic 
continuity.
The structure of vegetative hyphae of Helminthosnorium 
victoriae M. and M. was investigated by Werner and Lindberg 
(1966). The cell wall consists of two parts, an outer electron- 
dense layer and an inner, thicker layer which is less dense and 
of a fibrillar nature. Simple septal pores are present in the 
transverse walls. The plasmalemma is contiguous with the inner 
wall and the endoplasmic reticulum which is sparse consists of 
long sinuous elements. The mitochondria are small and regular 
and of the usual structure. Deposits of glycogen in the form 
of dense granules and lipid bodies similar to those of 
C. mivabeanus (Matsui et al, 1962a) are constantly present.
Large tonoplast bounded vacuoles are present and the cells are 
often multinucleate.
Recently Campbell (1968) has studied the formation of 
conidia in Altemaria brassicicola. a process which has some
resemblance to the production of germ tubes from spores, since 
new conidia are formed by outgrowth of the inner wall of a 
mature spore. The spore has a double wall structure the outer 
layer of which is melanised and appears electron dense after 
permanganate or aidehyde-osmium fixation. The inner wall is 
electron lucid and grows out through an apicaltpore, which is 
apparently produced enzymatically, in the outer wall* The 
spore^  septa consist of five layers, since they have a layer of 
secondary wall material on each side of the septal partition 
which is a three layered structure derived from the primary 
spore coat. Single, centrally placed simple pores allow 
cytoplasmic continuity between the spore compartments and 
presumably facilitate the passage of materials through the 
older spores to the developing apical spore. Old spores have 
sparse endoplasmic reticulum and a smooth plasmalemma whilst in 
young developing spores the plasma membrane is convoluted and 
possesses small vesicles and the endoplasmic reticulum is abundant.
The structure and germination of ascospores of Neurosnora 
tetrasnerma were studied by Loxvny and Sussman (1968). Light 
microscopy indicated a three layered wall structure; an inner 
layer termed the endosporiura, a middle episporium and an outer 
perisporium. The electron microscope revealed the presence of 
two additional layers, one of an electron transparent material 
surrounding the perisporium and the other of electron dense 
nature between the endosporium and episporium. The germ tube 
is derived from the endosporium and emerges through the germ 
pore. Two types of vacuole were observed, one apparently empty
and the other containing coarse granular material. The 
mitochondria of dormant spores are swollen hut are otherwise 
similar to those of germinating spores. The endoplasmic 
reticulum, which in dormant spores consists of isolated strands, 
is more abundant in germinating spores and occasionally has 
complex bodies composed of concentric membranes associated 
with it. These bodies are considered by Lowny and Sussman 
to be involved in membrane synthesis, since they appear at the 
time of maximal synthesis of endoplasmic reticulum.
Some workers have investigated the ultrastruetural effects 
of fungicidal compounds applied to fungal spores. Matsui et al 
(1962a) showed that the effect of mercuric chloride solution on 
conidia of Cochliobolus satibus was a reaction of the mercuric 
ions with the cell membranes. Contrast in the sections prepared 
for electron microscopy was much enhanced using treated spores, 
but otherwise the cell structure was unaltered.
Richmond Somers and Millington (1967) studied the effect 
of an E.D.50 solution of the organic fungicide 'Captan* on the 
germination of conidia of Neurosoora crassa. Captan does not 
destroy the integrity of the organelles of dormant conidia and 
the effect only becomes serious when treated spores are incubated, 
when there is an almost complete loss of fine structure, only . 
the cytoplasmic membrane remaining clearly defined. The toxic 
reaction of Captan is apparently with the protein thiols of the 
cell, which are known to be involved in control of cell division 
in some way. The authors suggest that a structural alteration 
in the protein-D.N.A. complex could result and that this could
explain the rather convoluted appearance of the nuclei of 
dormant spores, the nuclear matrix being affected rather than 
the membrane. They conclude that treated conidia have only a 
limited capacity for the synthesis of protein thiols during 
incubation and thatthis leads to disorganisation of the 
internal structure*
Morphological study of germination and the
effects of soil fungistasis on spores*
A preliminary light microscope investigation of the process 
of spore germination was followed by a study of spore morphology 
at the election microscope level which was designed to determine 
changes in spore organisation on germination and also changes 
induced by exposure to soil fungistasis.
Materials and Methods*
Spores
These were of the same strain (1084) of C. sativus as 
was used in the physiological experiments and they were grown 
and harvested in the way described earlier.
Agar
Oxoid nIon Agar" was used, after washing as described below 
to remove soluble nutrients*
Powdered agar was soaked overnight in a large volume of distilled 
water and was agitated continuously using a magnetic stirrer.
The agar was then filtered off, rinsed with distilled water and 
filtered again. The washed agar was dried in an oven at 50°C.
A 0.5 % solution was employed in the light microscope work 
since this results in a semi-solid gel which has sufficient 
strength to retain spores in position but does not impede germ- 
tube growth.
Fixatives.
Buffered Permanganate (Modified after Luft, 1956)*
Potassium permanganate 2.0 % solution in 0.25 M. sodium 
eacodylate buffer, adjusted to pH 7-0 with 0.1 H hydrochloric 
acid.
Buffered Acrolein. .
Acrolein 3.0 % solution in eacodylate buffer as above. 
Buffered Osmic acid.
Osmium tetroxide 0.5 % or 1.0 % in buffer as above. 
Electron stains.
Lead citrate (Venable & Coggeshall, 1965)*
Lead citrate 0.4 % in alkaline solution, prepared as below 
Lead citrate (0.4 g) was added to 10 ml of distilled water in a 
centrifuge tube and 10 N. sodium hydroxide was added drop by 
drop. The tube was then sealed with "Parafilm11 and shaken 
vigorously until the lead citrate dissolved. The stain was 
centrifuged for 5 minutes at 5000 r.p.m. immediately before use 
to precipitate any undissolved material.
Uranyl acetate.
Equal volumes of a saturated aqueous solution ofuranyl 
acetate and absolute ethanol were mixed in a centrifuge tube 
and the stain was centrifuged, at 5000 r.p.m. for 5 minutes 
immediately before use.
Embedding Medium
An embedding resin made by T.A.A.B. Laboratories Ltd. was 
used since, in the unpolymerised state, it has a much lower
viscosity than most other epoxy-resins. This is of distinct 
advantage when dealing with fungal spores, which are difficult 
to impregnate satisfactorily. The formulation given below is 
that recommended for the production of a hard resin and this 
was shown to retain spores during sectioning whilst with softer
ml. 
ml. 
ml.
ml.
The resin and anhydride hardeners were thoroughly mixed by 
shaking, the accelerator was added and the mixture shaken again 
until homogeneous.
Grids
‘‘Athene11 type 200 or 15 0 copper specimen grids (3*05 nim 
diameter) were coated with “Formvar11 which was then stabilized 
by carbon evaporation carried out in an Edwards high vacuum 
coating unit.
Films
Light photo-micrographs were taken on 35 mm Ilford "Micro- 
Neg Pan” or “Pan-F” film and Ilford Normal Lantern slides 
3^ « x 4»t were used for the electron micrographs.
resins they tended to be torn from the block.
T.A.A.B. resin 50
D.D.S.A. hardener
(Dodecenyl succinic anhydride) 25
M.N.A. hardener
(Methyl nadic anhydride) 25
. D.M.P.-30 accelerator 
(2,4,6 tri.(dimethy1-aminoraethy1)
phenol) 2
Time Lapse Photo-micrography
Photo-micrographs were taken of spares throughout their 
germination period.
Spores were placed on a globule of molten agar at 40°C on a 
microscope slide and a coverslip, supported by two pieces of 
slide glass was lowered onto the agar to produce an optically 
flat surface. Slides were kept throughout the incubation period 
in Petri-dishes lined with moist filter paper and were removed 
only for short periods for examination and photography.
By noting the vernier readings on the slide carrier it was 
possible to return to the same groups of spores and to 
photograph each at hourly intervals, until several had produced 
germ-tubes.
Photographs were taken on either a Zeiss or a Leitz “Orthomat11 
photomicroscope at magnifications of 800 x for phase contrast 
or 1000 x for transmitted light.
Electron Microscopy
The ultrastructure of spores was studied both in the 
germinated and ungerminated conditions and also after exposure 
to soil fungistasis.
Ungerminated spores were immersed in fixative immediately 
after harvesting. Germinated spores were obtained by incubating 
freshly harvested spores on the surface of glucose-yeast- 
asparagine agar plates for up to 24 hours at room temperature. 
The plates were flooded with distilled water and the spores 
collected in suspension and centrifuged down. Fixative was then 
added immediately. Spores exposed to fungistasis were obtained 
in the following way; Petri-dishes were prepared containing 
30 grams of soil as described previously. The surface was then 
covered with cellophane film and large squares of cellophane, 
coated with dry spores were placed on top. The spores were 
incubated for 24 hours at room temperature and then collected 
by washing them from the cellophane with distilled water. The 
spores were then spun down and fixative was added.
Fixation and Dehydration.
Spores were fixed for 3 hours in either permanganate or 
acrolein at 4°C, rinsed and centrifuged in 3 changes of 
eacodylate buffer and soaked in buffer overnight to remove 
traces of fixative. The material was then rinsed again and 
post-fixed in osmic acid for 3 hours at 4°C. The spores were 
rinsed and soaked in buffer, as above and then dehydrated in an 
alcohol : water series. Final dehydration was carried out in 
propylene oxide.
Embedding.
Preliminary infiltration of spores was carried out at room 
temperature in test tubes contained in a desiccator to exclude 
moisture. The spores were first treated for 24 hours in each 
of 2 changes of a 1 : 1 mixture of resin; and propylene oxide. 
These were followed by 2 changes of pure resin mixture at 37°C 
for 24 hours each. Spores were then transferred to fresh resin 
in No.O. gelatin capsules and polymerisation carried out at 
37°C for 10 days followed by 6o°C for 3 days.
Sectioning.
The hardened blocks were trimmed in the normal way to give 
sections approximately 0.25 mm square. Sections were cut on an 
L.K.B. ,,Ultrotomel, using glass knives and operating at a cutting 
speed of 2 cm/ second.
Staining.
Mounted sections were stained in wax-lined Petri-dishes 
containing a little solid sodium hydroxide to absorb carbon
dioxide, which can cause precipitation of stain particles.
Grids were floated, section side down, on a small amount of ur- 
anyl acetate stain and left for 2 minutes. They were then 
blotted and rinsed in 50 % alcohol and blotted again. The 
sections were then treated for 1 minute with lead citrate 
stain, rinsed by dipping 10 times into a large volume of dist­
illed water and finally blotted dry.
Examination
Stained sections were examined and photographed using a 
Philips E.M. 200 microscope at high tension settings of 
60, 80, or 100 Kv.
Experimental and Discussion.
Light microscopy.
In those spores studied, germ-tube emergence generally 
occurred between 8 and 20 hours from the beginning of incubation. 
No changes in the internal organisation of the spores was observed 
during this time. A typical series of photographs appears in 
plates 1 and 2.
Considerable variation was observed in the wall thickness 
of different spores (PI.3? fig.5) and it was found that those 
with thinner walls germinated more readily (PI.3, fig.6)• 
Thick-walled spores have since been found to germinate after 24- 
hours of incubation. The thick-walled spores have a relatively 
thin area in the centre of the transverse walls, presumably the 
site of the septal pore. Germ-tubes often form transverse septa 
soon after emergence (PI.3? fig.2)*
Electron-microscopy.
Ungerminated spores.
The structure of the protoplast, in the spores studied, 
is similar to that observed in Cochliobolus miyabeanus by 
Matsui et. al. (1962a) (PI.4-, fig.0; PI.5, fig. 12)). The cell 
membrane surrounds the'protoplast and has the usual double 
structure. The nucleus is surrounded by a double membrane in 
which pores can occasionally be seen. The nuclear matrix is 
distinct from the cytoplasm and is very finely granular. Nucleoli 
as such are not evident but some areas of the nucleus are less 
electron-dense than the general matrix. In section, the 
mitochondria have circular or slightly elongated profiles. They 
are bounded by a double membrane and have internal cristae which
are apparently tubular. Since many cristae are seen in 
longitudinal section it is probable that some at least are 
flattened or plate-like. The mitochondrial matrix is less 
granular and is sometimes more, or less, densely stained than 
the ground cytoplasm. The endoplasmic reticulum is represented 
by various membranous strands and vesicles, the membranes of 
which stain less densely than those of the plasmalemma or 
mitochondria. Small vesicles, often with concentric membranes 
are present, usually close to the plasmalemma. Thses structures 
are possibly involved in wall or membrane synthesis. Golgi 
bodies cannot be seen and vacuoles are rarely present in 
ungerminated spores. Lipid bodies, having a banded appearance 
in sections, are numerous and probably represent the major 
food reserve in these spores. The ground cytoplasm is uniformly 
granular in appearance and no areas of glycogen accumulation 
can be seen.
The conidial wall is divisible into four more or less 
distinct layers (P1.5> fig.10). The outermost layer is very 
electron-dense after permanganate fixation and from its behaviour 
during sectioning, is apparently rather brittle. This layer is 
beleived to correspond with the melanised region of the wall. 
Particularly after acrolein fixation, this layer appears 
heterogeneous, containing areas of lower electron-density. This 
may be similar to the porous reticulate structure reported for 
the outermost layer of the conidial wall of G. miyabeanus (Matsui 
et. al., 1962b). The middle zone of the spore wall is 
differentiated into two indistinctly defined layers, the outer 
of which is less electron-dense and less fibrillar than the inner.
The innermost layer of the wall is of low electronedensity and 
is very finely fibrillar. This layer is often convoluted and 
swollen. Differentiation of the wall layers is most apparent in 
acrolein-fixed material (PI.6 , fig-. 11). This section, which is 
non-median, shows the structure of the transverse wall; a central 
layer of the electron-dense, fibrillar material is covered on 
each side by a layer continuous with the innermost layer of the 
spore wall. In a median section (PI.6 , fig. 12), the fibrillar layer 
is visible in the central region of the cross wall only as a 
narrow central band of electron-dense material.
The septal pores are simple and are centrally situated.
The pores are plugged by a densely staining material wrhich 
appears to be derived from the Woronin bodies. These are seen 
close to unplugged pores and also stain very densely (P1.7> fig.L3). 
In one instance, (PI.14, fig.26), electron transparent bodies are 
apparent, close to a plugged pore and it is possible that these 
represent Woronin bodies, the contents of which have formed the 
plug. The plasma membrane is apparently continuous through the 
plugged pore (PI.6, fig.12) indicating that the transverse wall 
do not divide the spore into separate cells. Matsui et.al. (1962a) 
also observed cytoplasmic continuity through the pores of 
C. miyabeanus conidia.
Germinating spores
The nuclei of germinating spores have a similar appearance 
to those of ungerminated spores. The mitochondria in the 
germinating spores examined generally have a more complex internal 
structure than those of ungerminated spores; the cristae are more 
numerous and appear to be orientated, in two directions at
right-angles (PI.8, fig.l6). Many mitochondria are elongated 
and have constrictions (P1.9? fig.19; PI.10, fig.20)., suggesting 
that division is occurring. Membrane bounded vacuole-like 
vesicles are numerous in germinating spores. Buckley et. al. (1966 
suggested that increased vacuolation during germination is a 
result of the utilization of lipid reservesjand it is probable 
that this is the case in the spores studied here, since lipid 
bodies are less abundant in germinating spores. Some lipid 
material is still evident but granular deposits suggesting 
glycogen accumulation are often present in these spores. Strands 
of endoplasmic reticulum are rather more in evidence in 
germinating than in ungerminated spores.
The germ-tube wall is apparently derived from a new layer 
of wall material laid down inside the original protoplast 
(PI.12, fig.23.). This layer is of similar appearance to the 
innermost layer of the original wall. The new wall layer may 
apparently be formed either contiguously with the plasmalemma 
(PI.8 , fig.17), or at some distance from it, particularly in the 
region of the transverse wall (PI.10, fig.20; PI.11, fig.21).
In the latter case, a portion of the original protoplast is 
apparently cut ;.off, since some of the original plasmalemma can be 
seen. Plate 12, figure 23 shows a spore in which the new wall 
layer closely applied to the original wall except in two small 
areas. The cytoplasm cut off has an abnormal appearance after 
acrolein fixation; the matrix is densely stained and the 
membranes are unstained. It seems likely that this abnormal 
staining reaction is due to a degeneration of the cell contents, 
since this area of cytoplasm apparently has an incomplete 
plasmalemma and may lack a nucleus. At this stage in germination
the septal pores must be effectively plugged, since the cytoplasm 
in other spore compartments has a normal appearance. If the 
suggested explanation is true, it appears that only the terminal 
compartments are involved in germination once the new wall is 
laid down. It is conceivable that if the initial germination 
fails and the germ-tube is broken down, the next spore compartment 
could germinate. In some cases the production of germ tubes 
through apparently empty terminal compartments has been observed 
by light microscopy.
Formation of a new wall layer was reported to be one of 
the first indications of germination in sporangiospores of 
Rhizopus spp. (Hawker and Abbott, 19&3) although Buckley et. al. 
(1966) found that the germ-tube wall of Botrytis cinerea conidia 
was derived from a pre-existing wall layer.
In the spores studied here, the brittle outermost wall layer 
appears to be fractured by the emergence of the germ-tube but 
the inner layers are either originally soft and extensible, or 
are rendered so by enzyme action, since in some instances the 
germ-tube is surrounded by a sheath of material apparently derived 
from these layers (PI.11, fig.21). A transverse wall may be 
laid down across the germ-tube soon after emergence (PI.8 , fig.175 
PI.12, fig.2g); pores can not be observed in these walls in the 
spores studied.
A transverse section of a germ-tube is shown in plate 13> 
figure 24'. The single v/all layer is granular in appearance and 
has an ill-defined outer edge. The inner surface, to which the 
plasmalemma is closely applied, is rather convoluted. The 
mitochondria vary in section from circular to elongated profiles, 
some of which have constrictions. There are many small membrane
"bounded vesicles, often close to the plasmalemma and some of these 
are apparently incorporated into the wall material (FI.8 , fig. 1 8^) • 
Dense deposits of glycogen are numerous although some lipid Bodies 
are also present.
Spores exnosed to fungistasis.
After permanganate fixation the cytoplasm of these spores 
appears quite normal (PI.14, fig 2$), However, spores fixed in 
acrolein have an abnormal appearance similar to that described 
for the negatively staining areas of some germinating spores.
The ground cytoplasm is densely stained and the membranes appear 
negatively stained (P1.155 fig.28; P1.16, fig.§$). In some cases 
the cell membrane is convoluted and appears to have other 
membranes, possibly elements of endoplasmic reticulum, associated 
with it (PI. 16, fig.3$). Whorled structures, associated with 
lipid bodies were observed in some spores (PI.155 fig.27) and 
these seem to be similar to those reported by Buckley et.al. (1966) 
These structures are generally assumed to be of phospho-lipid 
constitution and Buckley et.al. concluded that they represent 
a stage in the mobilisation of food reserves, possibly for 
membrane synthesis. Mitochondria are numerous and pleomorphic, 
suggesting considerable metabolic activity in these spores.
It is tentatively suggested that one of the effects of
exposure to fungistasis may be to stimulate physiological activity
resulting in a change in the properties of the cell contents; this
could amount for the abnormal staining reation following acrolein
fixation. The oxidative action of permanganate fixatives may
destroy the compounds responsible for the abnormal reaction. If
membrane permeability were altered in some way, this might explain
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the smaller loss in C material from spores exposed to fungistasis
than from normally germinating spores.
In one spore (PI.17 j fig.31), which germinated during 
exposure to fungistasis, very little internal structure is visible, 
although germinated spores are normally the most easily and 
satisfactorily fixed. Some membranes are visible but do not 
form any recognisable organelles. This phenomenon may be related 
to the abnormal appearance noticed when spores germinated during 
dialysis experiments and probably indicates a breakdown of the 
cell contents. The original and new wall layers of the same 
spore are shown in plate 17, figure 3£* The plasmalemma and 
cytoplasmic membranes of this spore are stained normally and 
this observation possibly lends support to the theory advanced 
above.
KEY TO PLATES
Plates 1 to 3 Light micrographs.
Plates 4 to 17 Electon micrographs.
figs. 8 to 13 ungerminated conidia.
figs. 14 to 24 germinating conidia.
figs. 25 to 32 conidia exposed to fungistasis.
Abbreviations:
ER Endoplasmic reticulum
G Glycogen deposit
GT Germ-tube
L Lipid body
M Mitochondrion
MB Body of concentric membranes
Me Aggregation of membranes
N Fucleus
Nm nuclear membrane
nw new wall layer
P Septal pore
PL Plasmalemma
S Sheath of material derived from spore wall
Tw Transverse wall
V Vesicle
Va Vacuole
W Spore wall
(Wa outer layer
Wb)
Wc) middle layers
Wd innermost layer )
WO Woronin body
fig. 1. 15 rains. ( x 3*400 ).
fig. 2. (2 hrs. 15 rains, (x 3*400 ).
"PLATE 1.
fig. 3* 6 hrs. 15 mins. ( x 3*400 )
fig. 4. 8 hrs. 15 mins. ( x 3,400 )
PLATE 2.
fig. 5» ( x 1,500 ; phase contrast ).
"PLATS 5.
ifig. 8. T.S. KMnO^ / OsO^ fixed, (x 25*600 ).
FIATS 4.
'fig. 9* T.S. KMhO^ / OsO^ fixed. ( x 40,000 ).
fig. 10. T.S. KMnO^ / OsO^ , fixed. ( x 20,200 ) 
PIATB 5.
fig. 11. oblique section, acrolein fixed. ( x 5,000 ).
fig. 12. L.S. acrolein fixed. ( x 45*000 )•
PLATE 6.
s i s *
fig. 14* L.S. acrolein / OsO/; fixed. ( x 8?400 ).
PLATE 7«
fig. 15. T.S. ( x 14,300 ). 
XMnO^ / OsO^ fixed.
.fig. 16. T.S. ( x 61,000 ). 
acrolein / OsO^ fixed.
fig. 17. L.S. ( x 5,100 ). fig. 18. L.S. ( x 127,000 ).
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PLATE Q
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_fig. 21. Acrolein / OsO^ fixed. ( x 20,500 )•
PLATE 11.
PLATE 12
fig* 24. Acrolein / OsO^ fixed. T.8. germ-tube.
( x 56,000 ).
PLATE 15*
fig. 25. KMnO^ / OsO/t fixed. L.S. ( x  32,000 ).
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fig. 26. KMnO^ / 0s04 fixed. L.S. ( x 40,000 ). 
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fig. 27. Acrolein, fixed. L.S. ( x 23,000 ).
-fig. 20. Acrolein fixed. L.S. ( x 51*000 ).
PLATE 13.
fig, 29# Acrolein fixed* T.S. 
( x 22,700 ).
fig.30. Acrolein, fixed. T.S. 
( *35,000 ).
PLATE 16.
fig. 31. Acrolein fixed. L.S. ( x 23,000 ).
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fig. 32. Acrolein fixed. L.S. 
( x 38,000 ).
PLATE 17.
Summary of Part- A.
A physiological study of spore germination and soil fungistasis.
Germination of conidia of Cochliobolus sativus was inhibited 
by soil fungistasis when the spores were incubated on cellophane 
film over moist soil. The inhibition was not significantly reduced 
by the addition of glucose or asparagine to the soil.
Although the spores were found to have no absolute requirement 
for exogenous nutrients, germination was significantly improved by 
the addition of glucose to non-nutrient substrates. In vitro, 
germination was optimal in the range pH. 5*5 to 6.0. .
Sugars and amino-acids could be removed from spores by 
shaking with small volumes of water but this treatment had no 
effect on the ability of the spores to germinate without an 
external nutrient source. By analysis of consecutive washings it 
was found that the bulk of the nutrients removed, appeared in the 
initial washing. Continuous leaching of *^C- labelled spores
N
on a membrane filter resulted in the removal of 11.4% of the 
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total spore C during a period of 32 hours and almost half of 
this amount was removed during the first 10 minutes. Measurable 
losses occurred after up to 96 hours of leaching and it is possible 
either that this much slower loss represents a conversion to 
soluble form of insoluble reserves, or that it is caused by a 
change in membrane permeability.
Germination was inhibited during continuous dialysis, and 
by using a rapid flow of dialysing water, an inhibition comparable 
with that of soil fungistasis was acheived. Subsequent germination
in the absence of nutrients was not impaired by prolonged 
dialysis, and was often significantly greater, suggesting removal 
from the spores of auto-inhibitory compounds. Spore washings were 
concentrated, chromatographed and bioassayed. Some zones of 
inhibition were detected although their activity was rather low, 
possibly due to the labile or volatile nature of the compounds.
A mutual inhibition of germination was observed in dense spore 
deposits both on filter paper and the dialysis system.
The loss of *^C material from labelled spores was greater 
during dialysis than during incubation over a soil suspension, 
although the latter treatment resulted in a stronger inhibition 
of germination. It is therefore suggested that in addition to 
the nutrient depletion effect, inhibitory compounds may be 
involved in soil fungistasis. Some evidence for the production 
of inhibitory compounds, of a volatile nature by soil was obtained.
Summary of Part B.
Light and Electron-microscopical studies on conidia.
Little internal detail was observed by light-microseopy of 
living conidia. Germ-tube emergence generally occurred between 
8 and 20 hours from the beginning of incubation; the time taken 
for emergence was apparently related inversely to the thickness 
of the coniaial wall.
Electron-microscopy of ungerminated conidia after permangana 
or acrolein fixation revealed an internal organisation similar 
to that reported by Matsui et. al. (1962a) for conidia of 
Cochliobolus miyabeanus. The major insoluble food reserve 
material in these spores appears to be lipid.
The conidial wall is divisible into four more or less distinct 
layers. The transverse walls are incomplete, having a central 
simple pore which is often plugged with dense material similar 
to that composing the Woronin bodies.
The appearance of germinating spores is basically similar, 
but the mitochondria are often elongated and constricted, as if 
in division, and have a more complex arrangement of cristae.
Lipid bodies are fewer and vacuoles more numerous than in 
ungerminated spores and glycogen deposits are evident; these 
changes are consistent with an increased rate of metabolism.
The germ-tube v/all is apparently derived by the protrusion, 
through the original spore wall, of a new layer of v/all material 
laid down inside the protoplast. A transverse v/all is sometimes 
formed in the germ-tube soon after emergence.
c+
The cytoplasm of spores which have been exposed to fungistasis 
prior to fixation has an abnormal appearance when acrolein is 
used as the fixative. The ground cytoplasm stains densely and 
some of the membranes are negatively stained. In some cases the 
cell membrane is convoluted and has other membranes associated 
with it. Mitochondria are numerous and pleomorphic indicating 
a high metabolic rate. It is tentatively suggested that exposure 
to soil fungistasis may result in a temporary stimulation of 
metabolism which results in a change in the composition:or 
permeability of the cell membrane, so restricting the loss of 
nutrients.
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